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REPORT SUMMARY

This study was undertaken to determine effects that the Thermalito Forebay and
Afterbay may have upon local groundwater level and quality. Initially, all groundwater
level and quality data available were collected to determine whether local groundwater
is being affected by the surface water features. Task 1, Phase 1 was a review of this
existing data. Results obtained in Task 1, Phase 1 from the wells previously monitored
in the vicinity of the Thermalito Forebay and Afterbay clearly indicated the effects of the
project on groundwater levels. However, since groundwater levels have not been
identified as a concern and extensive groundwater level monitoring is already being
conducted in the area by DWR and Butte County, no additional groundwater level
monitoring was proposed.

However, due to the paucity of data in the project area and local concern for
groundwater quality, additional monitoring was proposed to evaluate effects from the
project on groundwater quality in Task 1, Phase 2. Surface water quality from the
Thermalito Forebay and Afterbay and Feather River were reviewed to identify any
constituents that may be elevated and hence could result in degradation of groundwater
guality. Organic constituents have not been reported from the surface waters at
concentrations greater than the minimum detection levels. Aluminum and mercury were
the only metal constituents found in the surface waters that exceed water quality
criteria. Nutrients have been found in the surface waters at very low levels and are less
than those found in area groundwater. Surface water minerals, particularly calcium,
magnesium, chloride, and hardness, are present in surface waters at concentrations
that are significantly less than those found previously in area groundwater. Therefore,
monitoring was conducted using several metals, minerals, and field parameters to
determine effects to local groundwater from surface water features of the project.

Results from Phase 1 and 2 of this study do not indicate any adverse effects to
groundwater levels or quality from the Thermalito Forebay or Afterbay. If there are any
subtle effects to groundwater from the project facilities, the effects would be beneficial
since groundwater levels would be recharged from project facilities and the high mineral
content of the groundwater would be diluted with surface water containing much lower
mineral levels, resulting in better suitability for all beneficial uses
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1.0 INTRODUCTION

Relicensing participants raised concerns about the effects of project features and
operations on groundwater levels and quality downstream from project facilities.
Included in the concerns were project-related effects to hyporheic zones along the
Feather River. The “hyporheic zone” comprises the interstices or spaces in the mixture
of coarse sand, gravel, and other rocks beneath and beside a river or stream. The
spaces are permeated by flowing water in contact with that in the stream, and are
inhabited by a variety of insects and other aquatic organisms, including fish fry.

Existing and future operation of the Oroville Facilities may have effects on the physical,
chemical, and biological components of groundwater quality in the project area. Some
physical, chemical, and biological data have been collected from groundwater in the
project area. However, these data are not, nor were they expected to be, sufficient to
determine compliance with Basin Plan criteria, goals, and objectives (CVRWQCB 2003)
established for protection of groundwater beneficial uses. Additional physical, chemical,
and biological data were needed to demonstrate project compliance with Basin Plan
standards for groundwater.

Oroville Dam and Lake Oroville are underlain by relatively impermeable Mesozoic-era
igneous and metamorphic bedrock, which should eliminate any groundwater effects
from Lake Oroville. Downstream from the dam, the Feather River and the Thermalito
Forebay and Afterbay project features are on much younger and more permeable
volcaniclastic and consolidated alluvial sediments, where groundwater recharge occurs.
Due to the porosity of the underlying deposits, the hydraulic heads of the Thermalito
Forebay and Afterbay surface water features, as well as varied project-related releases
to the Feather River, probably contribute to locally higher groundwater levels, though
the extent of this effect has not been quantified. It is possible also that groundwater
guality locally reflects the characteristics of the water within these project features. To
the west of the uplands upon which the Thermalito project features are situated are the
younger alluvial deposits of the Sacramento Valley. At least two aquifer systems have
been identified in the valley system. How all three systems interact is not known.

A study plan was developed and approved by the Environmental Workgroup to evaluate
the effects from project facilities and operations on groundwater levels and quality (Task
1) and hyporheic connectivity of the Feather River and Oroville Wildlife Area ponds
(Task 2). This report presents results from the groundwater investigation.

1.1 BACKGROUND INFORMATION

1.1.1 Statutory/Regulatory Requirements

Demonstration of compliance with basin plan objectives is necessary for the SWRCB to
issue a water quality certification. Basin plan objectives for both surface and
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groundwater include provisions that prohibit chemical constituents in concentrations that
adversely affect beneficial uses, create tastes and odors, or produce detrimental effects
in human, plant, animal, or aquatic life. The water quality certification is needed for
license renewal with the Federal Energy Regulatory Commission.

1.1.2 Study Area

The study includes areas where groundwater was anticipated to be affected by project
features as well as reference sites upgradient from potential project effects. The study
area for Task 1 includes areas adjacent to the west and south of the Thermalito
Forebay and Afterbay, while the study area for Task 2 includes the Feather River in the
vicinity of the Oroville Wildlife Area and ponds in this area.

1.2 DESCRIPTION OF FACILITIES

The Oroville Facilities were developed as part of the State Water Project, a water
storage and delivery system of reservoirs, aqueducts, power plants, and pumping
plants. The main purpose of the SWP is to store and distribute water to supplement the
needs of urban and agricultural water users in northern California, the San Francisco
Bay area, the San Joaquin Valley, and southern California. The Oroville Facilities are
also operated for flood management, power generation, to improve water quality in the
Delta, provide recreation, and enhance fish and wildlife.

FERC Project No. 2100 encompasses 41,100 acres and includes Oroville Dam and
Reservoir, three power plants (Hyatt Pumping-Generating Plant, Thermalito Diversion
Dam Power Plant, and Thermalito Pumping-Generating Plant), Thermalito Diversion
Dam, the Feather River Fish Hatchery and Fish Barrier Dam, Thermalito Power Canal,
Oroville Wildlife Area, Thermalito Forebay and Forebay Dam, Thermalito Afterbay and
Afterbay Dam, and transmission lines, as well as a number of recreational facilities. An
overview of these facilities is provided on Figure 1.2-1. The Oroville Dam, along with
two small saddle dams, impounds Lake Oroville, a 3.5-million-acre-feet capacity storage
reservoir with a surface area of 15,810 acres at its normal maximum operating level.

The hydroelectric facilities have a combined licensed generating capacity of
approximately 762 megawatts. The Hyatt Pumping-Generating Plant is the largest of
the three power plants with a capacity of 645 MW. Water from the six-unit underground
power plant (three conventional generating and three pumping-generating units) is
discharged through two tunnels into the Feather River just downstream of Oroville Dam.
The plant has a generating and pumping flow capacity of 16,950 cfs and 5,610 cfs,
respectively. Other generation facilities include the 3-MW Thermalito Diversion Dam
Power Plant and the 114-MW Thermalito Pumping-Generating Plant.

Thermalito Diversion Dam, four miles downstream of the Oroville Dam creates a tail
water pool for the Hyatt Pumping-Generating Plant and is used to divert water to the
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Thermalito Power Canal. The Thermalito Diversion Dam Power Plant is a 3-MW power
plant located on the left abutment of the Diversion Dam. The power plant releases a
maximum of 615 cfs of water into the river.

The Power Canal is a 10,000-foot-long channel designed to convey generating flows of
16,900 cfs to the Thermalito Forebay and pump-back flows to the Hyatt Pumping-
Generating Plant. The Thermalito Forebay is an off-stream regulating reservoir for the
114-MW Thermalito Pumping-Generating Plant. The Thermalito Pumping-Generating
Plant is designed to operate in tandem with the Hyatt Pumping-Generating Plant and
has generating and pump-back flow capacities of 17,400 cfs and 9,120 cfs, respectively.
When in generating mode, the Thermalito Pumping-Generating Plant discharges into
the Thermalito Afterbay, which is contained by a 42,000-foot-long earth-fill dam. The
Afterbay is used to release water into the Feather River downstream of the Oroville
Facilities, helps regulate the power system, provides storage for pump-back operations,
and provides recreational opportunities. Several local irrigation districts receive water
from the Afterbay.

The Feather River Fish Barrier Dam is downstream of the Thermalito Diversion Dam
and immediately upstream of the Feather River Fish Hatchery. The flow over the dam
maintains fish habitat in the low-flow channel of the Feather River between the dam and
the Afterbay outlet, and provides attraction flow for the hatchery. The hatchery was
intended to compensate for spawning grounds lost to returning salmon and steelhead
trout from the construction of Oroville Dam. The hatchery can accommodate 15,000 to
20,000 adult fish annually.

The Oroville Facilities support a wide variety of recreational opportunities. They include:
boating (several types), fishing (several types), fully developed and primitive camping
(including boat-in and floating sites), picnicking, swimming, horseback riding, hiking, off-
road bicycle riding, wildlife watching, hunting, and visitor information sites with cultural
and informational displays about the developed facilities and the natural environment.
There are major recreation facilities at Loafer Creek, Bidwell Canyon, the Spillway,
North and South Thermalito Forebay, and Lime Saddle. Lake Oroville has two full-
service marinas, five car-top boat launch ramps, ten floating campsites, and seven
dispersed floating toilets. There are also recreation facilities at the Visitor Center and
the OWA.

The OWA comprises approximately 11,000 acres west of Oroville that is managed for
wildlife habitat and recreational activities. It includes the Thermalito Afterbay and
surrounding lands (approximately 6,000 acres) along with 5,000 acres adjoining the
Feather River. The 5,000 acre area straddles 12 miles of the Feather River, which
includes willow and cottonwood lined ponds, islands, and channels. Recreation areas
include dispersed recreation (hunting, fishing, and bird watching), plus recreation at
developed sites, including Monument Hill day use area, model airplane grounds, three
boat launches on the Afterbay and two on the river, and two primitive camping areas.
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California Department of Fish and Game’s habitat enhancement program includes a
wood duck nest-box program and dry land farming for nesting cover and improved
wildlife forage. Limited gravel extraction also occurs in a number of locations.

1.3 CURRENT OPERATIONAL CONSTRAINTS

Operation of the Oroville Facilities varies seasonally, weekly and hourly, depending on
hydrology and the objectives DWR is trying to meet. Typically, releases to the Feather
River are managed to conserve water while meeting a variety of water delivery
requirements, including flow, temperature, fisheries, recreation, diversion and water
quality. Lake Oroville stores winter and spring runoff for release to the Feather River as
necessary for project purposes. Meeting the water supply objectives of the SWP has
always been the primary consideration for determining Oroville Facilities operation
(within the regulatory constraints specified for flood control, in-stream fisheries, and
downstream uses). Power production is scheduled within the boundaries specified by
the water operations criteria noted above. Annual operations planning is conducted for
multi-year carry over. The current methodology is to retain half of the Lake Oroville
storage above a specific level for subsequent years. Currently, that level has been
established at 1,000,000 acre-feet; however, this does not limit draw down of the
reservoir below that level. If hydrology is drier than expected or requirements greater
than expected, additional water would be released from Lake Oroville. The operations
plan is updated regularly to reflect changes in hydrology and downstream operations.
Typically, Lake Oroville is filled to its maximum annual level of up to 900 feet above
mean sea level in June and then can be lowered as necessary to meet downstream
requirements, to its minimum level in December or January. During drier years, the lake
may be drawn down more and may not fill to the desired levels the following spring.
Project operations are directly constrained by downstream operational constraints and
flood management criteria as described below.

1.3.1 Downstream Operation

An August 1983 agreement between DWR and DFG entitled, “Agreement Concerning
the Operation of the Oroville Division of the State Water Project for Management of Fish
& Wildlife,” sets criteria and objectives for flow and temperatures in the low flow channel
and the reach of the Feather River between Thermalito Afterbay and Verona. This
agreement: (1) establishes minimum flows between Thermalito Afterbay Outlet and
Verona which vary by water year type; (2) requires flow changes under 2,500 cfs to be
reduced by no more than 200 cfs during any 24-hour period, except for flood
management, failures, etc.; (3) requires flow stability during the peak of the fall-run
Chinook spawning season; and (4) sets an objective of suitable temperature conditions
during the fall months for salmon and during the later spring/summer for shad and
striped bass.
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1.3.1.1 Instream Flow Requirements

The Oroville Facilities are operated to meet minimum flows in the Lower Feather River
as established by the 1983 agreement (see above). The agreement specifies that
Oroville Facilities release a minimum of 600 cfs into the Feather River from the
Thermalito Diversion Dam for fisheries purposes. This is the total volume of flows from
the diversion dam outlet, diversion dam power plant, and the Feather River Fish
Hatchery pipeline.

Generally, the instream flow requirements below Thermalito Afterbay are 1,700 cfs from
October through March, and 1,000 cfs from April through September. However, if runoff
for the previous April through July period is less than 1,942,000 af (i.e., the 1911-1960
mean unimpaired runoff near Oroville), the minimum flow can be reduced to 1,200 cfs
from October to February, and 1,000 cfs for March. A maximum flow of 2,500 cfs is
maintained from October 15 through November 30 to prevent spawning in overbank
areas that might become de-watered.

1.3.1.2 Temperature Requirements

The Diversion Pool provides the water supply for the Feather River Fish Hatchery. The
hatchery objectives are 52 °F for September, 51 °F for October and November, 55 °F for
December through March, 51 °F for April through May 15, 55 °F for last half of May, 56
°F for June 1-15, 60 °F for June 16 through August 15, and 58 °F for August 16-31. A
temperature range of plus or minus 4 °F is allowed for objectives, April through
November.

There are several temperature objectives for the Feather River downstream of the
Afterbay Outlet. During the fall months, after September 15, the temperatures must be
suitable for fall-run Chinook. From May through August, they must be suitable for shad,
striped bass, and other warmwater fish.

The National Marine Fisheries Service has also established an explicit criterion for
steelhead trout and spring-run Chinook salmon. Memorialized in a biological opinion on
the effects of the Central Valley Project and SWP on Central Valley spring-run Chinook
and steelhead as a reasonable and prudent measure; DWR is required to control water
temperature at Feather River mile 61.6 (Robinson’s Riffle in the low-flow channel) from
June 1 through September 30. This measure requires water temperatures less than or
equal to 65 °F on a daily average. The requirement is not intended to preclude pump-
back operations at the Oroville Facilities needed to assist the State of California with
supplying energy during periods when the California ISO anticipates a Stage 2 or higher
alert.

The hatchery and river water temperature objectives sometimes conflict with
temperatures desired by agricultural diverters. Under existing agreements, DWR
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provides water for the Feather River Service Area (FRSA) contractors. The contractors
claim a need for warmer water during spring and summer for rice germination and
growth (i.e., 65 °F from approximately April through mid May, and 59 °F during the
remainder of the growing season). There is no obligation for DWR to meet the rice
water temperature goals. However, to the extent practical, DWR does use its
operational flexibility to accommodate the FRSA contractor’s temperature goals.

1.3.1.3 Water Diversions

Monthly irrigation diversions of up to 190,000 (July 2002) af are made from the
Thermalito Complex during the May through August irrigation season. Total annual
entitlement of the Butte and Sutter County agricultural users is approximately 1 maf.
After meeting these local demands, flows into the lower Feather River continue into the
Sacramento River and into the Sacramento-San Joaquin Delta. In the northwestern
portion of the Delta, water is pumped into the North Bay Aqueduct. In the south Delta,
water is diverted into Clifton Court Forebay where the water is stored until it is pumped
into the California Aqueduct.

1.3.1.4 Water Quality

Flows through the Delta are maintained to meet Bay-Delta water quality standards
arising from DWR’s water rights permits. These standards are designed to meet
several water quality objectives such as salinity, Delta outflow, river flows, and export
limits. The purpose of these objectives is to attain the highest water quality, which is
reasonable, considering all demands being made on the Bay-Delta waters. In
particular, they protect a wide range of fish and wildlife including Chinook salmon, Delta
smelt, striped bass, and the habitat of estuarine-dependent species.

1.3.2 Flood Management

The Oroville Facilities are an integral component of the flood management system for
the Sacramento Valley. During the wintertime, the Oroville Facilities are operated under
flood control requirements specified by the U.S. Army Corps of Engineers. Under these
requirements, Lake Oroville is operated to maintain up to 750,000 af of storage space to
allow for the capture of significant inflows. Flood control releases are based on the
release schedule in the flood control diagram or the emergency spillway release
diagram prepared by the USACE, whichever requires the greater release. Decisions
regarding such releases are made in consultation with the USACE.

The flood control requirements are designed for multiple use of reservoir space. During
times when flood management space is not required to accomplish flood management
objectives, the reservoir space can be used for storing water. From October through
March, the maximum allowable storage limit (point at which specific flood release would
have to be made) varies from about 2.8 to 3.2 maf to ensure adequate space in Lake
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Oroville to handle flood flows. The actual encroachment demarcation is based on a
wetness index, computed from accumulated basin precipitation. This allows higher
levels in the reservoir when the prevailing hydrology is dry while maintaining adequate
flood protection. When the wetness index is high in the basin (i.e., wetness in the
watershed above Lake Oroville), the flood management space required is at its greatest
amount to provide the necessary flood protection. From April through June, the
maximum allowable storage limit is increased as the flooding potential decreases, which
allows capture of the higher spring flows for use later in the year. During September,
the maximum allowable storage decreases again to prepare for the next flood season.
During flood events, actual storage may encroach into the flood reservation zone to
prevent or minimize downstream flooding along the Feather River.
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2.0 NEED FOR STUDY

Construction of Oroville Dam, impoundment of water to form Lake Oroville, and
associated facilities of the project have affected the physical, chemical, and biological
characteristics of water in the Feather River. Since the Feather River provides recharge
to local groundwater, these changes in water quality characteristics in the river may
subsequently affect groundwater characteristics. In addition, recharge to groundwater
from the Thermalito Forebay and Afterbay may affect groundwater quality as well as
levels. Ponds in the Oroville Wildlife Area are likely hydraulically connected to the
Feather River, and thus may also be affected by the water quality characteristics of the
Feather River.

Though the project may potentially affect biological characteristics of groundwater,
aquatic macroinvertebrates as a component of the biological characteristics of
groundwater are not included for study since sufficient information about these
organisms is being obtained from riffle areas of the Feather River in Study Plans SPW1
and SPF1.

Prior to issuance of a new license for the project, the Federal Energy Regulatory
Commission (FERC) will require a water quality certification by the State Water
Resources Control Board (SWRCB). The certification requires a determination by the
SWRCB that the project complies with appropriate requirements of the Central Valley
Regional Water Quality Control Board (CVRWQCB) Basin Plan, which includes water
guality objectives for protection of designated beneficial uses. The CVRWQCB has
established groundwater quality objectives for bacteria, chemical constituents,
radioactivity, tastes and odors, and toxicity.

Information obtained from the study will be used to determine project effects to
groundwater, demonstrate compliance with water quality standards and other
appropriate requirements in the application for water quality certification, and identify the
need for project modification or mitigation for impacts to groundwater quality or levels
from project operations. Water quality analysis is required for determination of
conditions in the water quality certification by the SWRCB.
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3.0 STUDY OBJECTIVE(S)

The objectives of this study are to quantify the localized effects on groundwater levels
and quality from Thermalito Forebay and Afterbay operations, as well as effects from
dam releases to the Feather River on water quality and levels in the Oroville Wildlife
Area.

3.1 APPLICATION OF STUDY INFORMATION

Information from the study will be used to determine compliance with basin plan
objectives, which is necessary for the SWRCB to issue a water quality certification. The
water quality certification is needed for license renewal with the Federal Energy
Regulatory Commission. Data from Task 2 of the study will also be used by various
agencies, such as the DFG and U.S. Fish and Wildlife Service, to evaluate any project
related effects to wildlife species that may prey on aquatic species in waters affected by
project releases.
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4.0 METHODOLOGY

This study evaluates effects from project features to groundwater and hyporheic
interaction of the Feather River with ponds in the Oroville Wildlife Area.

4.1 STUDY DESIGN

The study included two tasks: Task 1 - evaluation of project effects to local
groundwater levels and quality, and Task 2 - evaluation of effects of any hydraulic
connectivity between the Feather River and Oroville Wildlife Area ponds. This report
presents results of the first task. Evaluation of effects to groundwater levels and quality
was conducted in phases. The first phase reviewed current groundwater monitoring
data to determine whether sufficient data were available to evaluate project effects to
groundwater, while the second phase included additional water quality data collection
and analyses.

4.1.1 Task 1, Phase 1 — Inventory Existing Wells and Assessment of Existing
Groundwater Data and Current Groundwater Monitoring Activities

An inventory of wells was made utilizing records maintained at the California
Department of Water Resources office in Red Bluff. Potential impacts to groundwater
from the Thermalito project features would likely occur in a shallow, unconfined setting.
Therefore, wells were grouped as shallow (100 feet deep or less) or deeper. Data for
well location, surface elevation, depth, design, and use were entered into a GIS
database. The groundwater level and quality data from the wells was reviewed to
determine localized effects on groundwater from the Thermalito Forebay and Afterbay,
or whether additional data were needed. Historic groundwater quality data were
obtained from the Water Data Information System database and locally maintained
data, while surface water quality data were obtained from study results of SPW1.
Groundwater and surface water data were compared to identify any effects to
groundwater from the project reservoirs.

4.1.2 Task 1, Phase 2 — Groundwater Quality Monitoring

Data evaluation from Task 1, Phase 1 determined that existing groundwater level
monitoring data were adequate and that little concern existed for project effects to
groundwater levels, but project effects to groundwater quality was still an issue.
Therefore, Phase 2 was initiated to implement a groundwater quality monitoring
program.

Additional groundwater quality data were collected for Task 1, Phase 2 in the vicinity of
both the Thermalito Forebay and Afterbay. The groundwater quality monitoring
program included wells currently monitored semi-annually and monthly for groundwater
levels and several additional existing shallow wells to enhance areal coverage of the
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shallow aquifer. Groundwater quality was measured during the spring and fall from the
existing monitoring wells and additional wells included in the study. Groundwater
samples were analyzed for general mineral composition, aluminum, mercury, and
physical parameters, including pH, conductivity, and temperature, at the time of
sampling. The general mineral and physical parameter analyses enabled the ionic
composition and physical characteristics of the groundwater to be compared with those
from the lower depths of the Thermalito Forebay and Afterbay collected in SPW1 to
provide an indication of connectivity. Analytical results from the lower depths of the
project waters were used to compare to groundwater quality. The water at the interface
between the water and the soil at the bottom of the reservoirs is most likely to be
influencing groundwater quality.

4.1.2.1 Sampling Sites

Wells in the study area were selected for groundwater quality monitoring from areas
upgradient and downgradient of the project facilities to determine if there was any
impact upon the groundwater by these facilities and their operations. Only wells with
State Well Logs were chosen for monitoring. Well logs provide information on geology,
water levels, well depth, perforation intervals, and use.

Not all wells that were monitored for groundwater levels in Phase 1 were sampled for
water quality in this study due to owner reluctance to allow access for sample collection.
Additionally, no piezometers were sampled as they had been rendered inaccessible in
past years by DWR staff for safety reasons. Additional wells were located to augment
those currently sampled. Eighteen wells were sampled for this study (Figure 4.1.2.1-1).
Completed well depths ranged from 61 to 463 feet, while the casing depths ranged from
36 to 221 feet below the ground surface (Table 4.1.2.1-1). The shallowest level of water
came from a perforated zone in one well at 24 to 48 feet below the ground surface.

4.1.2.2 Sampling Method

Water samples were collected in June to July, and again in October to November of
2003. Samples were collected at the well head whenever possible. If samples could
not be obtained at the well head, the nearest spigot or other water outlet from the well
was sampled. The wells were purged prior to sampling to ensure a fresh water sample.
While purging, temperature, conductivity, and pH were monitored at five-minute
intervals. When these parameters had three consecutive stable readings, sample
collection began.

Field sampling procedures followed DWR’s Sampling Manual for Environmental
Measurement Projects (DWR 1994). Water temperature, conductivity, and pH were
measured in the field at each well, although temperature was only recorded if the water
sample was collected at the wellhead. Temperature and conductivity were measured
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Figure 4.1.2.1-1. Task 1, Phase 2 groundwater quality monitoring wells.
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Table 4.1.2.1-1. Groundwater quality monitoring well construction data.

Total Casing Sealed
Map Date Depth | Completed | Depth | Perforated | Depth
Well Locater | Drilled (ft) Depth (ft) (ft) Depths (ft) (ft)
18N02E02M R0O2 6/18/70 90 86 52 None No
18N02E12M K12 9/21/84 79 79 49 None N/A
18N02E23M B23 1/6/58 87 85 48 None No
18N02E32HO01IM | S32 7/26/86 115 115 60 None 20
18NO3E08BO3M K08 3/26/78 463 463 156 None N/A
18NO3E18M S18 9/4/87 100 100 60 None 22
18NO3E19M H19 3/12/67 78 75 48 None No
18NO3E19M Al19 4/8/83 90 90 80 None 20
18NO3E21G01M | M21 1948 125 None None None N/A
130-140
19N02E13Q01M L13 | 12/13/01 223 221 221 200-210 N/A
19NO2E15N02M | R15 12/8/63 123 120 36 None No
19N02E22M M22 9/14/98 61 61 55 None 20
19NO2E27M J27 8/18/67 100 92 60 None No
19N02E36M J36 3/24/68 80 80 80 32-80 No
19NO3EO5NO02M | NO5 3/21/61 182 180 48 24-48 No
19NO3E11M All 9/22/92 93 93 93 53-93 40
19NO3E17M H17 6/19/76 62 62 60 None 20
19NO3E19M D19 3/22/92 100 100 100 None 54

with an Orion Model 128 conductivity/temperature meter. A Hellige comparator was
used for pH determination.

Water samples were collected in sample-rinsed polyethylene bottles for physical and
chemical analyses. Samples were transported to the DWR Northern District laboratory
for conductivity measurements to verify field conductivity results.

Samples for mineral analyses were collected in sample-rinsed polyethylene bottles.
Samples for dissolved parameters were filtered through a 0.45 micron pore diameter
nitrocellulose membrane filter. The samples were then preserved per standard
procedures and submitted to DWR’s Bryte Chemical Laboratory in West Sacramento,
California. Samples were analyzed according to protocols approved by the U.S.
Environmental Protection Agency or American Public Health Association (APHA 1998).

Samples for trace metals analyses were collected in accordance with methods outlined
in USEPA Method 1669 (USEPA 1996). Samples were collected for total recoverable
aluminum and mercury and dissolved aluminum in laboratory-prepared collection
bottles. The bottles for aluminum analyses were provided by DWR’s Bryte Chemical
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Laboratory, which also performed the analyses. The bottles for mercury analyses were
provided by Frontier Geosciences in Seattle, Washington, which performed the mercury
analyses.
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5.0 STUDY RESULTS

5.1 TASK 1, PHASE 1 — INVENTORY EXISTING WELLS AND ASSESSMENT OF
EXISTING GROUNDWATER DATA AND CURRENT GROUNDWATER MONITORING

The existing groundwater infrastructure, groundwater level monitoring data, and
groundwater quality monitoring data were evaluated in Phase 1.

5.1.1 Existing Groundwater Infrastructure

About 162 wells (Figure 5.1.1-1) were identified as existing within a two-mile radius
downgradient from the Thermalito Afterbay, based on the Northern District DWR well
log data base, which may not include all wells existing in the area. However, the
available data do indicate the relative density and distribution of wells in the area. The
wells were mapped with a GIS application, which places each well data point into a one
mile square section location indicated on the water well driller’s report. Wells were not
field located for this evaluation. There are about 63 irrigation wells, 81 domestic wells,
and 18 in an “other” category, which includes monitoring, municipal, and an “unknown”
use designations. Wells range in depth from 15 to 745 feet with an average depth of
131 feet. Of the 162 wells, 86 are up to 100 feet in depth and 76 are greater than 100
feet in depth. Groundwater flows in a south-southwest direction in the vicinity of the
Thermalito Forebay and Afterbay.

The lithology indicated on water well driller’s reports was reviewed to evaluate the
aquifer materials encountered in wells in the area. That review shows that there is a
high degree of vertical and horizontal variability of aquifer materials. Aquifer zones are
not uniform in thickness, nor is there much uniformity in the depth of the different aquifer
materials encountered in area wells. Therefore, it is too simplistic to divide the total
aquifer system into the initial 0 to 100 and greater than 100 foot zones called for in the
study plan. Many well reports indicate that there are at least two water bodies: a
confined zone and an unconfined zone. The aquifer system may also include a semi-
confined character but the well log data are insufficient on which to base that
determination.

The complexity of the areal and depth distribution of aquifer materials is due to the
location of the environment in which the sediments forming the aquifers were deposited.
The Afterbay was constructed on an older, dissected upland, consisting of coarse
gravels cemented in a sandy clay matrix. The upland area is adjacent to the edge of
the groundwater basin to the west where younger alluvial materials overlap the older
sediments. The younger sediments consist of alluvial fan, stream, and basin deposits.
At the toe of the Afterbay is an alluvial fan complex that is criss-crossed by small
distributary streams. These streams trend into the basin in a south to south-southwest
direction. Trending from east to west are the younger deposits that transition from
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Figure 5.1.1-1. Thermalito Afterbay area groundwater wells.
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coarse to fine. In the subsurface, the fine clay materials of the basin deposits interfinger
with the coarser sands and gravels of the alluvial fans and stream deposits. The
resulting form of the local aquifer system is an irregular wedge of alluvial fan deposits
juxtaposed against the older gravels to the east and the younger clays to the west.

5.1.2 Existing Groundwater Level Monitoring

The Northern District’s groundwater level monitoring grid in the area adjacent to the
Thermalito Forebay and Afterbay was mapped to help evaluate the adequacy of data
coverage. There are only thirteen monthly or semi-annual wells currently being
monitored for groundwater level in the area (Figure 5.1.2-1). Many of the wells are too
far from the project facilities to provide useful information, and large areas have little to
no monitoring coverage. Monitoring that would provide information on localized effects
to shallow groundwater levels from the Thermalito Afterbay is not currently being
conducted.

Two wells potentially affected by the Thermalito Forebay had been monitored for water
levels from 1959 to 1982. These wells show that groundwater elevation was increased
by about 10 feet following project completion in 1969 (Figure 5.1.2-2).

A monitoring program was developed by DWR after completion of the Oroville Facilities
to evaluate water levels and pore pressures in the embankment impounding the
Afterbay. A series of piezometers was placed along or near the Afterbay embankment
and are monitored on a weekly, bi-weekly, or monthly basis. However, the data from
these piezometers are not appropriate to use in determining area groundwater levels
since the data may merely indicate leakage from the Afterbay rather than area
groundwater levels. In addition, back-pumping at the Afterbay affect the data from
these piezometers.

Northern District staff made several attempts to field locate the numerous piezometers
to the west and southwest of the Afterbay originally used to evaluate seepage from the
Afterbay following construction but since abandoned by DWR. Twelve of these
piezometers were located and have been added to the Northern District monthly
monitoring grid. These piezometers will provide data on groundwater levels near a
portion of the Afterbay.

Butte County has an extensive groundwater level monitoring network (Ed Craddock,
Butte County Department of Water and Resource Conservation, pers. comm.). With
about 80 wells in the network, there is little concern at the local level for additional
groundwater level data.

Preliminary Information — Subject to Revision — For Collaborative Process Purposes Only
5-3
Oroville Facilities Relicensing Team March 19, 2004
C:\Documents and Settings\Alvarez\Desktop\EWG 3-24-04\SPW5_03-19-04.doc



17A01. |0\,
= i
Rl Sy T
- 15N02
|

SRR T T T e

- o . 2 '.'1.—' T
sy % _|
;i o Ol
F . o 1 T

| i h . -Ll !

i iL:4
| S
" ! y DEHP! e - T S :E
: ] | = {3 [-ETs

B BE0s T h T
I I i) E

hihfes 03004
g 4 : : E-

" 05C03

i =]

. 25C01= %
& iena sl 25C03

@ Thermalito Afterbay Piazomaters

Semi-Annual

ol @ Maonthly

L T e o 5 4 Miles

Figure 5.1.2-1. Current DWR groundwater level monitoring wells.

Preliminary Information — Subject to Revision — For Collaborative Process Purposes Only

Oroville Facilities Relicensing Team

5-4
March 19, 2004

C:\Documents and Settings\Alvarez\Desktop\EWG 3-24-04\SPW5_03-19-04.doc



Groundwater Lewvels, 19NOZEZ22A001M

Zacramento Yalley (Butte Co.)
7] 1 F S e ey ey By By B I R R A R By By B B N By B B N B B I Y R B R

G.5. Elevation = 185,58 4 -
~ I J40 B
= [ 1 ()

= 4
T 140 - a o
~ 1 3
- L 50 e
bt 4 [B
% ol S

W= G0 3
: :
& ) 60 (-]
C r -

m r -
£ 150 - S
T F
(T L mEL -
[=] L ] h
€ 110 ] z
= r - o
o L ] I
m a0 a

: r -
o r 1 -

- L

W 1()0_ 3 f,
1 [-%
[ 1% &

- Zource: Department oF Water Resources |

gl:lL NN TN TN Y Y Y TN N Y A Y TN N N N N N N N N Y N NN NN Y N N NN Y Y TN N N Y TN TR N S

1950 1955 1960 1965 1970 1975 1950 19585 1930
Calendar Year + [uestionable Measurement

Figure 5.1.2-2 Groundwater levels in the vicinity of the Thermalito Forebay.

5.1.3 Existing Groundwater Quality Monitoring

Thirteen wells have been monitored for water quality in the area (Figure 5.1.3-1).
However, since groundwater in the area moves in a south-southwesterly direction, the
project has the potential to affect only two of the wells that have been previously
monitored within a mile of the project. Available water quality data are very limited for
these two wells, as well as others in the area. Nutrients and metals data are only
available from one of the wells (12G01). Minerals have been sampled only once from
well 24A01, but several times both prior to and following project construction from well
12G01. Pre- and post-project mineral data from this well are similar, though nitrate
levels may be somewhat higher in data collected since project completion. Similarly,
physical data have been collected only once from well 24A01, but both prior to and
subsequent to project construction from well 12G01. Conductivity was generally less in
this well prior to project completion, but also ranged in pre-project samples to as high as
levels found in post-project samples.
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Minerals were present at much greater levels in the only sample collected from well
24A01 than from samples collected from the Afterbay. Minerals in well 12G01, with the
exception of potassium, were also present at much greater levels than from the
Afterbay, but, with the exception of sulfate and chloride, were at lower levels than found
in well 24A01. Analyses for other constituents (nutrients, metals) are too few for
comparison.

Well 24A01 is adjacent to the Afterbay, but the depth and construction are not known.
Well 12G01 is over a mile away, which, lacking data from other wells closer to the
Afterbay, makes use of this well questionable to determine any effects from the project.
The paucity of data from only two wells, for which construction of one is unknown and
the other is over a mile from the project, makes meaningful determinations about project
effects on groundwater quality impossible to ascertain.

Though groundwater level data indicate that the project has had a significant effect on
water elevations in the vicinity of the Thermalito Forebay, no water quality data are
available to determine effects to local groundwater quality from the project. An accurate
determination of project effects on groundwater quality cannot reliably be made due to
the paucity of groundwater quality data in the immediate vicinity of the Thermalito
Forebay and Afterbay. Most of the wells that have been previously monitored are
several miles from the project, and the few wells nearer the project lack sufficient water
quality data for determination of project effects. The Butte County Integrated
Watershed and Resource Conservation Plan emphasizes water quality (Ed Craddock,
pers. comm.). The County would like to see additional water quality monitoring to
insure that the groundwater resources are being protected from contamination.

5.2 Task 1, Phase 2 — Groundwater Monitoring

The wells previously monitored in the vicinity of the Thermalito Forebay clearly indicate
the effects of the project on groundwater levels. However, since groundwater levels
have not been identified as a concern and extensive groundwater level monitoring is
already being conducted in the area by DWR and Butte County, no additional
groundwater level monitoring was proposed for Phase 2. Due to the paucity of
groundwater quality data in the project area and local concern for groundwater quality,
additional monitoring was proposed for Phase 2 to evaluate effects from the project on
groundwater quality.

Water quality data collected from bottom waters at two sites in both the Thermalito
Forebay and Afterbay (Figure 5.2-1) from April 2002 through October 2003 were
compared to groundwater quality data collected for this study. Groundwater quality data
were compared to surface water quality data to ascertain similarities and differences, as
well as to Basin Plan standards and other criteria, goals, and objectives compiled by the
Central Valley Regional Water Quality Control Board (CVRWQCB 2003). Average
surface water quality data collected from SPW1 was used for comparison to
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groundwater quality data collected in the spring and fall. Average surface water quality
data were used since recharge to groundwater occurs continuously, groundwater
moves slowly, and hence is not reflective of the surface water at any given moment.
Average surface water quality would also be a better indicator of long-term
characteristics of the project waters. For water temperatures, averages were not used
because this would not be relative as this parameter can change quickly with seasonal
variation and project operations. Instead, water temperatures obtained during the
period in which groundwater was sampled were used (June through November 2003).

Also, to assess any impacts to either shallow or deep groundwater, wells drawing water
from different depths were sampled. For this investigation, deep wells were those that
only drafted water from 100 feet or deeper below the surface. While some of the wells
designated as shallow were deeper than 100 feet, they were either perforated or had
cases less than 100 feet below surface, allowing the water to be drafted from the
shallower groundwater.

5.2.1 Physical Results

Physical parameter (temperature, pH, conductivity) measurements were made at the
time of sample collection. Results from project waters collected as part of SPW1
(Appendix A) were compared to those collected from the groundwater sampling sites
from this investigation (Appendix B).

Water temperatures from groundwater were collected from only eight wells because the
majority of wells could not be sampled at the wellhead. Where water could not be
collected from the wellhead, temperatures were not measured because this parameter
could be affected by outside influences (such as surface heat when traveling through
piping, hoses, storage tanks, etc.) that could alter the actual temperature of water from
the well.

During the groundwater sample collection period (June through November), water
temperatures exhibited a decline from both project waters and most groundwater
locations, although the groundwater temperature change was not as steep with the
exception of well A11 (Figure 5.2.1-1). Temperatures from the groundwater were
generally warmer than the surface water, with a greater difference between the two
during the fall sample collection. Three deeper wells that retrieve water from 100 feet or
deeper had temperature decreases of 0.1, 0.8, and 1.8 °F, while five shallower drafting
wells ranged from no change at one well to a decrease of 5.6 °F at another. One well
upgradient from the project showed a decrease of 0.7 °F. Only shallow well A11
reflected a change in water temperature that was similar to surface water changes as it
fell by 5.6 °F, similar to declines in the Thermalito Forebay (5.8 °F north, 6.3 °F south).
However, water from this well was about 10 °F warmer than either the north or south
Forebay sampling areas.
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pH from the Thermalito Forebay and Afterbay ranged from 7.0 to 8.2 (averaging 7.3 to
7.5) between April 2002 and October 2003, while pH in groundwater ranged from 6.9 to
8.2, with only two wells exceeding 7.5 (Figure 5.2.1-2). Two deeper wells had pH
values of 8.1 to 8.2, while two other deeper wells had values between 7.2 and 7.5. pH
in shallow wells ranged from 6.9 to 7.5. One shallow well (J36) just west of the
Thermalito Afterbay had pH values (6.9 to 7.1) which were lower than nearly all surface
water measurements. pH values tended to be slightly higher to the southwest and west
of the project than to the south. Groundwater pH values did not exceed any criteria.

All groundwater measurements of conductivity were much higher than average values
from project waters (Figure 5.2.1-3). Project waters never exceeded 94 umhos/cm,
while the lowest measurement from groundwater was 124 pmhos/cm from shallow well
All. Deeper wells had water with conductivity values that ranged from 137 to 368
pmhos/cm. Conductivity from deeper wells increased with distance from the project
waters, with the lowest values from L13 (137 pmhos/cm) and highest at M21 (368
pmhos/cm). Well L13 had values slightly lower than upgradient shallow wells, however
there are no deep upgradient wells to which these results can be compared. Shallow
wells had conductivity values much higher than project waters and ranged from 124 to
1,220 pmhos/cm. Only well A11 (124 umhos/cm) had conductivity lower than
upgradient wells, however it was still higher than all project water measurements.

Three shallow wells (B23, M22, R15), on at least one occasion, exceeded the Food and
Agriculture Organization water quality goal for agriculture of 700 pumhos/cm (CVRWQCB
2003). One well also exceeded the California Department of Health Services secondary
Maximum Contaminant Level (MCL) of 900 pmhos/cm for conductivity on one
occasion. Secondary MCL'’s are derived for human welfare considerations (taste, odor,
aesthetics, etc.) in drinking water and not for health concerns.

5.2.2 Mineral Results

Dissolved calcium results from groundwater were higher than average surface water
results from all wells except well A11 (Figure 5.2.2-1). Surface water results ranged
from 7 to 10 mg/L. Upgradient wells had 10 to 14 mg/L, which is slightly higher than
surface water results. Deep wells had calcium concentrations of 10 to 30 mg/L, with
wells near the project waters similar to upgradient wells, and one well further away and
to the south having much higher concentrations. All deep wells had calcium
concentrations greater than found in project waters. Shallow wells ranged from 7 to 127
mg/L and had much higher levels of calcium than project waters, with the exceptions of
well A11 which had results similar to surface water results, and well RO2 which was
slightly higher and similar to upgradient wells. There are no water quality criteria for
calcium.
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Dissolved potassium concentrations from groundwater were generally higher than those
from project waters (Figure 5.2.2-2). Exceptions were wells A11 and H19, which had
lower concentrations, and NO5 and K12, which were similar. Project waters ranged
from 0.6 to 1.0 mg/L, while groundwater ranged from less than 0.5 to 2.6 mg/L.
Upgradient wells had results of 0.8 to 1.7 mg/L; one upgradient well was similar to
project waters, while the other was higher. Potassium from deeper wells ranged from
1.3 to 2.6 mg/L, with all results higher than those from project waters. Shallow wells
ranged from less than 0.5 to 2.8 mg/L. Downgradient wells generally had potassium
concentrations between the values of the two upgradient wells, with the exceptions of
A19 (1.9 mg/L) and S32 (2.4 to 2.8 mg/L) which were higher, and wells A11 (less than
0.5to 0.6 mg/L), K12 (less than 0.5 to 0.6 mg/L), and H19 (less than 0.5 to 0.5 mg/L)
which were lower. There are no water quality criteria for potassium.

Dissolved magnesium concentrations from groundwater were generally much higher
than levels from surface water (Figure 5.2.2-3). Results from project waters ranged
from 3 to 4 mg/L, while the groundwater ranged from 4 to 71 mg/L. Upgradient wells
ranged from 8 to 14 mg/L, which is twice that of project waters. All downgradient wells
had results similar or much higher then upgradient wells, and all were higher than
project waters. The lowest groundwater result at well A11 in the spring was equal to the
maximum project water result, while the fall measurement at this same well was more
than twice the maximum surface water result obtained. Three deeper wells ranged from
8 to 10 mg/L, while the furthest deep well (M21) ranged from 25 to 27 mg/L.

Magnesium levels in shallow wells ranged from 4 to 71 mg/L. There are no water
quality criteria for magnesium.

Dissolved sodium concentrations from groundwater sources were higher than surface
water averages (Figure 5.2.2-4). Project waters ranged from 3 to 4 mg/L, while
groundwater samples ranged from 5 to 48 mg/L. Upgradient wells had sodium results
(11 to 16 mg/L) about three to four times the maximum surface water result.
Downgradient wells ranged from slightly below upgradient results (5 to 11 mg/L at A11
and 7 to 8 mg/L at M21) to much higher.

Deep well sodium concentrations ranged from 7 to 14 mg/L, while shallow wells ranged
from 5 to 48 mg/L. Four groundwater wells had sodium results that exceeded the
USEPA draft drinking water advisory level of 20 mg/L, and two of these wells also had
results at or above the USEPA Drinking Water Advisory taste and odor threshold of 30
to 60 mg/L (CVRWQCB 2003).

Dissolved boron was detected in the fall from well KO8 at the minimum laboratory
detection limit of 0.1 mg/L. No other sample collections from either surface water or
groundwater had boron at detectable levels. Therefore, no results from groundwater
sampling exceeded any criteria for boron.
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Figure 5.2.2-2. Comparison of groundwater and surface water results - dissolved
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Figure 5.2.2-3. Comparison of groundwater and surface water results - dissolved
magnesium.
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Dissolved chloride from the Thermalito Forebay and Afterbay was generally at the lab
minimum detection level of 1 mg/L or less, while all groundwater results were greater
than 2 mg/L (Figure 5.2.2-5). Upgradient wells had chloride levels of 7 to 9 mg/L, which
were higher than many downgradient wells and the project waters. Deeper wells
ranged from 2 to 7 mg/L, and were generally slightly lower than upgradient wells and
higher than project waters. Shallow wells ranged from 2 to 29 mg/L, with several wells
having chloride concentrations lower than upgradient wells, but higher than project
waters. Other shallow wells had chloride concentrations much higher than upgradient
wells. Results from groundwater sampling did not exceed any criteria for chloride.

Dissolved sulfate from groundwater ranged from below laboratory detection levels to
195 mg/L, while sulfate from the Thermalito Forebay and Afterbay was 2 mg/L on each
sampling occasion (Figure 5.2.2-6). All groundwater wells had concentrations of
dissolved sulfate that were higher than project waters, with the exception of deep well
L13 (less than 1 to 1 mg/L) and shallow well A11 (1 to 6 mg/L). Upgradient wells
ranged from 2 to 9 mg/L, with one well similar to project waters and the other with
higher concentrations of dissolved sulfate. Downgradient wells ranged from less than 1
to 195 mg/L. Deeper downgradient wells ranged from less than 1 to 21 mg/L, while
shallow downgradient wells ranged from 1 to 195 mg/L. Results from groundwater
sampling did not exceed any criteria for sulfate.

Total alkalinity (a measurement of primarily carbonate, bicarbonate, and hydroxide)
from groundwater was higher than project water averages from all wells (Figure 5.2.2-
7). Total alkalinity concentrations from the Thermalito Forebay and Afterbay ranged
from 34 to 53 mg/L, while groundwaters ranged from 44 to 437 mg/L. Upgradient wells
had higher alkalinity than project water results but much lower than most downgradient
wells, with the exceptions of L13, D19, and R02 which fell between the upgradient well
results. Deep wells ranged from 77 to 162 mg/L, with two wells (L13 and D19) having
results between upgradient results, and two other deep wells had slightly higher results
from one (K08) and much higher at the other (M21). Shallow wells had results generally
much higher than upgradient wells or surface waters, with the exceptions of R02 which
had similar results to upgradient wells, and A11 which had one result below upgradient
well results and similar to project water results, with the fall result from this well greater
than project water results. Results from groundwater sampling did not exceed any
criteria for alkalinity.

Total dissolved solids (TDS) results obtained from groundwater monitoring ranged from
75 to 801 mg/L, with all results higher than those found in project waters which ranged
from 34 to 65 mg/L and averaged 51 to 53 mg/L (Figure 5.2.2-8). Upgradient wells
ranged from 101 to 200 mg/L. Deeper wells ranged from 89 to 225 mg/L, with three
wells having TDS values from 89 to 133 mg/L, while well M21 was higher (210 to 225
mg/L). Deep well L13 had one TDS value of 89 mg/L, which was lower than both
upgradient well values but still higher than project water results. Shallow wells had TDS
results from 75 to 801 mg/L, which were much higher then project water results.
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Figure 5.2.2-5. Comparison of groundwater and surface water results - dissolved
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Figure 5.2.2-6. Comparison of groundwater and surface water results - dissolved
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Figure 5.2.2-8. Comparison of groundwater and surface water results — total
dissolved solids.
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Shallow wells also had TDS values much higher than water from upgradient wells, with
the exception of wells A11 and R02. All had 75 mg/L on the first sampling occasion,
which is lower than upgradient results. Wells R02 and Al11 (on the second sampling
occasion) had TDS results between the results from both upgradient wells. Shallow
wells M22 and R15 exceeded the Food and Agriculture Organization water quality goal
for agriculture of 450 mg/L, and M22 also exceeded the California DHS and USEPA
secondary MCL of 500 mg/L (CVRWQCB 2003).

Dissolved hardness values in the groundwater ranged from 34 to 400 mg/L, and were
higher than project waters (which never exceeded 41 mg/L) with the exception of well
All (Figure 5.2.2-9). Upgradient wells ranged from 58 to 93 mg/L, while downgradient
wells ranged from 34 to 400 mg/L. Deeper wells ranged from 58 to 71 mg/L and were
similar to upgradient wells, with the exception of well M21 which was higher at 173 to
186 mg/L. Shallow wells had hardness values of 34 to 400 mg/L, with most values
much higher than upgradient wells and project waters. Exceptions were well RO2 which
was similar to upgradient wells but higher than surface waters, and well A11 which was
lower than upgradient wells on both occasions. Well A11 on the first occasion had a
hardness value (34 mg/L) similar to project water, but the second result (55 mg/L) was
much higher. There are no water quality criteria for hardness.

5.2.3 Metals Results

Results of total aluminum analyses from groundwater ranged from 1.08 to 33.3 ug/L,
except at well A11 from which 54.8 ug/L of total aluminum was reported.
Concentrations of total aluminum averaged 52.35 to 76.94 pg/L in the Thermalito
Forebay and 79.5 to 91.19 ug/L in the Thermalito Afterbay. All groundwater results
were lower than averages from project waters (Figure 5.2.3-1). The lowest value
obtained from the surface waters (11 pg/L) was higher than results from all but four
(Al1, J36, L13, and M22) groundwater wells. Of these wells, A11, J36 and M22 are
shallow, and L13 is deep. Results from the groundwater monitoring were fairly similar in
regards to upgradient versus downgradient, and between shallow and deep wells, with
the exceptions of the previously mentioned four wells and deep well KO8, which had
total aluminum concentrations slightly higher than upgradient results on each sampling
event. Results from these wells were closer to results from project waters than most of
the wells sampled. Well A11, with a total aluminum concentration from spring sampling
of 54.8 pg/L, was within the USEPA secondary MCL range for aluminum of 50 to 200
png/L (CVRWQCB 2003). Groundwater in the vicinity of this well is heavily influenced by
surface water (Figure 5.1.2-2).

Results for dissolved aluminum analyses from groundwater ranged from 0.52 to 9.97
ug/L, with the exception of well A11 in which dissolved aluminum from the spring
sample was reported to be 54.9 ug/L. This exceptionally high level is probably a
laboratory error, since surface waters, which heavily influence groundwater levels in the
vicinity of this well, contained only 9.87 to 10.59 ug/L of dissolved aluminum.
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Concentrations of dissolved aluminum averaged 9.87 to 10.59 ug/L in the Thermalito
Forebay and 11.30 to 13.09 pg/L in the Thermalito Afterbay (Figure 5.2.3-2). Shallow
wells upgradient from project waters contained dissolved aluminum at much lower
concentrations, which ranged from 0.79 to 1.36 pg/L in the spring and 1.04 to 1.62 ug/L
in the fall. Dissolved aluminum in shallow wells downgradient from project waters, with
the exception of well A11 which was probably reported in error, ranged from 0.52 to
2.80 pg/L in the spring
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Figure 5.2.2-9. Comparison of groundwater and surface water results — dissolved
hardness.
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Figure 5.2.3-1. Comparison of groundwater and surface water results — total

aluminum.
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Figure 5.2.3-2. Comparison of groundwater and surface water results — dissolved
aluminum.
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. Concentrations of dissolved aluminum during the fall from shallow wells ranged from
0.70 to 9.97 pg/L. Concentrations of dissolved aluminum increased significantly in the
two shallow wells nearest the west side of the Afterbay, though concentrations in
shallow wells equally distant to the southwest decreased by the fall. Concentrations of
dissolved aluminum in deep wells were similar to those found in shallow wells, and
ranged from 0.69 to 2.80 pg/L in the spring and 1.57 to 4.63 pg/L in the fall.

Mercury results from groundwater monitoring ranged from less than 0.00015 to 0.00156
Mg/L, while project waters widely ranged from less than 0.00015 to 0.0366 ug/L and
averaged from 0.000766 from the south Forebay to 0.002499 from the south Afterbay
(Figure 5.2.3-3). Upgradient wells ranged from less than 0.00015 to 0.00038 pg/L. Two
deep wells had mercury concentrations of less than 0.00015, while the other two deep
wells had reported concentrations of 0.00046 and 0.00060 ug/L. Shallow wells ranged
from less than 0.00015 to 0.00156 pg/L. Wells to the west and southwest tended to
have mercury at higher concentrations than wells to the south. Many downgradient
wells had mercury concentrations similar to upgradient values. None of the results from
groundwater monitoring exceeded any water quality criteria.
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6.0 ANALYSES

The purpose of Task 1 of this study was to determine any project effects to the local
groundwater levels or quality in the area of the Thermalito Forebay and Afterbay. This
included an analysis of groundwater level data, and also required comparison of local
groundwater quality data to surface water quality data from the Thermalito Forebay and
Afterbay collected from a separate study. Groundwater wells upgradient from the
surface water features were sampled as a baseline. The results of the groundwater
guality measurements were also compared to published criteria (CVRWQCB 2003).

6.1 EXISTING CONDITIONS/ENVIRONMENTAL SETTING

6.1.1 Groundwater Levels

The wells previously monitored in the vicinity of the Thermalito Forebay clearly indicate
the effects of the project on groundwater levels. Two wells potentially affected by the
Thermalito Forebay had been monitored for water levels from 1959 to 1982. These
wells show that groundwater elevation was increased by about 10 feet following project
completion in 1969.

6.1.2 Groundwater Quality

6.1.2.1 Physical Parameters

Results show that temperatures of the surface waters and several area wells decreased
over the sampling period. Both deep and shallow wells showed decreases, as did an
upgradient well. Decreases in groundwater temperatures were of a lesser extent than
surface waters, which had temperature changes as much as 10.3 °F lower in the fall
than the spring, while groundwater temperatures decreased by 5.6 °F or less.

pH in the groundwater was generally slightly lower than surface water averages, with
the exception of two deep wells which had pH values that were much higher, and one
shallow well that was much lower. pH values to the south of project waters were slightly
lower than those to the southwest and west, and were similar to upgradient well values.
Groundwater pH values did not exceed any water quality criteria.

Conductivity was greater in both shallow and deep groundwater than project waters,
with shallow groundwater conductivity generally much higher than that from deeper
wells. Three shallow wells, on at least one occasion, exceeded the FAO water quality
goal for agriculture of 700 umhos/cm. One well also exceeded the California DHS
secondary MCL of 900 umhos/cm for conductivity on one occasion. Secondary MCL'’s
are derived for human welfare considerations (taste, odor, aesthetics, etc.) and not for
health concerns.
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6.1.2.2 Mineral Parameters

Results from mineral analyses, including alkalinity, hardness, and total dissolved solids,
indicate that minerals are generally at much higher concentrations in area groundwater
than is found in the Thermalito Forebay and Afterbay. This includes wells upgradient
from the Thermalito Afterbay, and both deep and shallow wells. Mineral concentrations
from deeper wells were generally lower than shallow groundwater; however they are still
substantially higher than project waters.

Minerals from groundwater that exceed water quality criteria include sodium and total
dissolved solids. Four groundwater wells had sodium concentrations that exceed the
USEPA draft drinking water advisory level of 20 mg/L, and two of these wells also had
mineral concentrations at or above the USEPA Drinking Water Advisory taste and odor
threshold of 30 to 60 mg/L. TDS values from shallow wells M22 and R15 exceed the
FAO water quality goal for agriculture of 450 mg/L, and M22 also exceeds the California
DHS and USEPA secondary MCL of 500 mg/L.

6.1.3.2 Metal Parameters

While total aluminum from surface water exceeded criteria on numerous occasions,
groundwater from only one shallow well near the Thermalito Forebay exceeded criteria
for total aluminum. Five wells near the project waters had total and dissolved aluminum
concentrations higher than upgradient wells, but these results were well below any
criteria.

Mercury results are generally similar between upgradient and downgradient wells and
lower than results from the project waters. Results for mercury analyses do not indicate
that project waters are impacting local groundwater. While some downgradient wells
have mercury results higher than upgradient wells, there is nothing to suggest that this
is not a natural characteristic of the groundwater as not all wells shared this
phenomenon. Many of the wells to the south and southwest had values between the
results of upgradient wells, and mercury concentrations on several occasions did not
reach detectable limits in both shallow and deep wells.

The only well that exceeded any water quality criteria for metals was well A11, which
had a total aluminum concentration that was within the USEPA secondary MCL range.

6.3 PROJECT RELATED EFFECTS

6.3.1 Project Effects on Groundwater Level

The wells previously monitored in the vicinity of the Thermalito Forebay clearly indicate
the effects of the project on groundwater levels. Groundwater levels have not been
identified as a concern, and since extensive groundwater level monitoring is already
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being conducted in the area by DWR and Butte County, no groundwater level
monitoring was conducted for Phase 2 of this investigation.

6.3.2 Project Effects on Groundwater Physical Parameters

Results from temperature measurements indicate there is probably no extensive impact
from the project on temperatures in area groundwater. While several area wells
reflected a decrease in temperatures, only one well showed a decrease in temperatures
similar to surface water changes. There is insufficient evidence to indicate that the
decrease in groundwater temperatures over the summer is not a natural occurrence in
the groundwater as one well upgradient from the Thermalito Afterbay also had lower
temperatures during the fall sampling.

There is no indication that project waters are impacting pH in groundwater as pH values
in groundwater are fairly uniform throughout the area. Most wells have values similar to
upgradient wells, with slightly higher values to the west and southwest. Several wells to
the south of the project waters and just west of the Thermalito Afterbay had pH values
lower than average surface water pH measurements, indicating that they are probably
not being affected by project waters. Wells to the west and southwest of the project
waters have pH values slightly higher than upgradient wells, suggesting that they may
be influenced by the higher pH values from surface water, but this is not indicated by
the lower values to the south that should also have been influenced. These slightly
higher values to the southwest and west are more likely due to natural soil influences on
the groundwater.

There is no indication of any impact from project water to groundwater conductivity. All
groundwater conductivity measurements are much higher than surface water. Nearly all
shallow wells have conductivity values much higher than found in upgradient wells.
Deep wells have values similar to upgradient wells and increase with distance from the
project waters, and shallow wells have downgradient conductivity values much higher
than surface waters. If there is any impact occurring from the project waters, it would be
a beneficial one as the conductivity values from the surface water is much lower and
would dilute the area groundwater. This cannot be substantiated however, as most
downgradient wells have higher values than upgradient wells, indicating the effects of
local soil characteristics on groundwater quality.

6.3.3 Project Effects on Groundwater Mineral Parameters

Results from mineral analyses are probably the best indicator that the project waters are
not impacting local groundwater. All of the wells have higher mineral concentrations
than found in the Thermalito Forebay and Afterbay. Mineral concentrations generally
increased as the valley floor was encountered. Mineral concentrations in the deeper
groundwater, while lower than shallow groundwater, were still higher than results from
surface waters. With mineral concentrations in project waters lower than local
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groundwater, there does not appear to be any negative impact upon local groundwater,
since, even if surface waters were percolating to the groundwater aquifer, the much
better quality surface water would actually be improving the poorer quality groundwater.

6.3.4 Project Effects on Groundwater Metal Parameters

There is no indication of impacts from metals upon the local area groundwater by the
project waters. While a few wells have metal concentrations slightly higher than found
in upgradient wells, this is not a characteristic shared by the majority of wells from which
results are similar to or lower than values from upgradient wells. If any impact is
occurring, it is highly localized near the project waters. However, this is not a
characteristic shared by other parameters from these wells making this scenario
unlikely.

6.4 SUMMARY OF PROJECT RELATED EFFECTS

Results from Phase 1 and 2 of this study do not indicate any adverse effects to
groundwater levels or quality from the Thermalito Forebay or Afterbay. If there are any
subtle effects to groundwater from the project facilities, the effects would be beneficial
since groundwater levels would be recharged from project facilities and the naturally
high mineral content of the groundwater would be diluted with surface water containing
much lower mineral levels, resulting in better suitability for all beneficial uses. There is
no indication from the water quality monitoring data that physical parameters, other
minerals, or metals from surface waters are altering groundwater composition.
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8.0 APPENDICES

Appendix A. SPW1 surface water quality physical data and criteria.
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Appendix A. Continued.

IUSEPA Secondany MCL 6505 1]
Califomia DHS Secondany MCL fEu]i] 50
LISEFS WCL Z0al (Taghe & Gidor) 50
Calfomia DHES Seconday MCL (Tasle & Odon Son
Waher Quialiy For Agrculhes Goal h.5-8.4 7aon 450
LIEEFS Hal Ambient Waleninstant Wi & Max fi. 54
LSEPS Hal Ambient WalenTaste & Odor 54 50
CHRWACE Basin Plan-Feainer Bier 150
Bpacilic

Time | Deplls | Temp | Temj. Conilisctianse Rilkabiy TS
Station Hatise Data ipstp i i"Ci 1"Fk H (el pnmhies cim il Ca0d | mgl |
Tharmzlgo &Rerbiay, norh 0amEnd | 1635 | Bim 1458 5E1 I a0 44 [:10]
Thermaléo Aerbiay, norih 0434802 | 0200 | Bim 1318 ] 1A a0 42 [T
Thermalio Afertay, norih D&202 | /330 | Blm 12.8 4.7 L B4 ] 45
Therrralio Aflerty, norlh DA 7M1 | (00 | Bim 6.2 B1.2 T By 40 (1]
Thermalno Aflaray, norn O7A B2 | 830 | Blm 13.7 8B.7 [ ag 41 L]
Thermalho Aflaray, norih OR8N | 0530 | Bim 15.2 554 73 a9 41 56
Tharmalfo &farbhay, norh oan o | 1200 | Bim .7 531 [ #i 42 50
Tharmialéo Afierbay, north 13202 | 1130 | Bim 131 LS Td a0 45 [E]
Thermalio Aerbay, norlh TAS02 ] 1125 | Bim 12.0 TS 15 1 51 [
Thermalio Afertery, norih 12202 ) 1015 | Bim 11.6 519 .7 04 52 &7
Therralno &fe ke, norin A 4803 | 1415 | Bim 8.3 (TN T3 By 44 85
Thermalio Afleraay, norh QWIENI | 1140 | Blm B.g dE.0 T Bl 44 52
Thermalio Aflaray, norih MANaM3 | 1330 | Bim 128 54.7 [ B0 42 5
Tharmialfo &ferbiay, norh o4 03 | R0 | Bim 3.7 S6. 7 3 LE] 42 M
Thermaléo Aerbas, north 08003 | 200 Bimi 12.4 LT B TE TH 41 45
Thermalio sty norih DEFT4403 | 07340 | Bim 16.1 1.0 T BY 40 52
Thermalio Afaikay, norh O7FIAD | 1115 | Bim 14.8 GE.G T B0 41 50
Therrmalno Afle ey, norin QWIS03 | 1045 | Bim 14.7 A5 T Ta 41 50
Tharrmalio Aflartay, norh OWIFN03 | 1030 | Bim 12.7 54.9 .7 71 42 50
Tharmialio &farbhay, norh 13103 | 1000 | Bim 1.5 547 Th 0 3r 53
Thermialéo Aebay, south 040202 | 1745 | Bim EX ET.0 TE T 44 59
Therma|io Al soun 0arT4802 | 07330 | Blm 16.3 0.5 T4 ag 43 42
Thermealno Afle ey, S0k 057302 | 0830 | Blm 131 55.6 T Bd 41 a4
Therrmalno Afe ey, B0 QA TH2 | 0515 | Bim 16.4 Bl.5 T il 34 58
Tharrmalho Aflamay, 50U Q7N EM3 | D00 | Bim 14.0 573 T a0 41 57
Tharmialfo &by, 50U QM G03 | 0615 | Bim 151 594 T3 BY 41 £ ]
Thermalo Mierbay, souin 0an T2 | 1314 Bimi 12,3 4.1 T2 g2 42 42
Therrraldo Aerhiry, &aulh 103202 | 1215 | Bim 13.5 B2 Tid ag 45 52
Thermalio Afaibay, S0 119802 | 1025 | Bim 2.1 b8 | TH EF 51 &7
Thermalno Afle ey, S0uk 121 2M02 | 800 | Bim 1.6 514 TH a3 52 57
Thermalio Ay, B0 MA4M03 | 1330 | Bim B.5 451 T3 BT 42 56
Tharmialio &My, souUn OLIEM3 | 1000 | Bim B4 471 [l Bl 43 51
Thermalfo Aflerbas, soUdh aIama | 1230 | Bim 128 B4 0 L] Bl 43 49
Thermalio Aerbay, Souh 04 5403 | =200 | Bim 14.3 7.7 L] fBa 42 &0
Therrrialdo Afartry, &dul D& | 0300 | Bl 13.1 589 T5 Td 41 80
Thermalno Aflartery, 0u OEFI4M0D | 025 | Blm 17.6 BIT T Bl 41 53
Thermalio Afle ey, s0uk O72M03 | 835 | Bim 14.8 5B [ i} 41 49
Thermalio Afia ey, o QRIS3 | 830 | Bim 14.7 58S 73 70 40 A6
Tharmialio &ferbay, soUN O3 | 0630 | Bim 118 L1 ¥ r.r LA 43 48
Thermalifo AMerbay, south 1073 | (e Himi 11.8 834 V& T 3r 52
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Appendix B. SPW5 Groundwater quality monitoring well physical data and criteria.

LISEPA Secondary MCL f.5-8.45
Califarnia DHS Secandary MCL EEEEEEE SRR
California DHE Secondary MCL (Taste & Odar) R R
Water Quality For Agriculture Goal 700 f.5-8.4
USEPA Mat. AmbientWaternstant. Min & Max .5-H
LISEPA Mat. AmbientWaternTaste & Odor a-9
CYEWQCHE Basin Plan PIEA
Map Time | Temp. | Temp. |Specific Conductance
Well Locater | Date |{PST)| (°C)} | (°F} {field) pmhosicm pH
T9M02ZEDZ M ROZ | 0701703 | 1045 209 | B9.6 180 7.5
TAMOZEDZ M ROZ | 10/M5/03| 1030 188 | B5.8 208 7.4
18MNOZETZ M EA12 (0701503 11480 415 7.3
1EMOZET2 M B2 (10M5/03 ] 1200 444 7.1
18MOZEZ3 M B23 (070703 1240 625 7.5
18MOZEZ3 M B23 (1014703 1304 714 7.4
1EMOZE3ZHOT W 532 |07m0T03 | 1120 480 7.5
TE8MOZE3ZHOT M 532 (1029503 1130 541 7.4
18MO3ENZRN3 M kOg  |06BM1/03 ) 1280 19.7 | BY.A 167 a.1
18MO3EDSBNZ M BO8 (1104703 1020 19.3 | BBV 204 8.1
18MOZETS M S18 070703 0920 343 7.3
18MO3ETE M 518 [10M5/03 ] 12345 347 7.3
1EMO3ETY M A9 | 070203 | 1200 341 7.2
18MOZETY M A9 10403 1210 343 7.3
18MNO3ETS M H19 | 070703 | 1000 465 7.4
1EMO3ETY M H19 | 10M4/03 | 1230 501 7.3
TEMO3EZ1GOT M 21 OBM1/02] 1330 16.8 | B2.2 324 7.3
1BMO03EZ1GOT M 21 10029503 1030 16.7 | B2.1 ]t 7.2
TARO02ZET 3001 W L13  |[O&M1/03 ) 0915 21.1 | 700 137 8.1
TAMO0ZET 3001 M L1323  [1Qr5/02| 0830 201 | B8.2 158 8.2
TAMO0ZETSM0Z M F15 |0BM1/03| 1040 18.9 | B5.3 755 7.4
TARO02ZETAM0Z W Ri15 |10M503| 0915 185 | B5.3 849 7.3
TAMOZEZZ M M22 | 0702703 | 0200 783 7.4
T9MO02ZEZ2 M M22 | 1014703 | 1045 oo Egcnnnl 74
TOMOZEZT M J2T | 070T03 ] 1430 457 7.5
TAMOZEZT M J27 (104503 1130 2649 7.3
T9MNO0ZE3E M J3IE | 070203 0930 191 | BE.4 454 .9
T9M02ZEZE M JIE (10029703 0930 17.9 | 64.2 414 7.1
TAMOZEDSMOZ W MOS | 0BMT/03 | 1200 21.0 | B9.8 153 7.3
TAMO03EDGMOZ WM MOS | 1014031010 | 206 | B9 168 7.2
TOMO03ETT M Al 071703 0900 18.9 | BE.0 124 7.5
TAMOZETT M Al 10M5/03] 1315 158 | 604 153 7.3
T9MNO3ETT M H1Y | 0701703 | 0820 236 7.3
TOMOZETT M H1¥ | 101503 | 1200 261 7.2
T9MOZETY M D19 | 0701703 | 0750 166 7.5
T9MO3ETS M D19 | 101403 | 1420 206 | 691 192 7.3
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Appendix C. SPW1 Surface water quality mineral data and criteria.

USEPA Primarny ML &00
USEFA Secondary MCL 250 250
USEPAMCL Goaal 00
Caliornia DHS Secondary ML 250 250030
California DHE Action Lewal Tor drinking waler 1
Water Guality For Agricutiure Goal k] 0T | 106
Tagbe and odar (LISEPA Diinking Water Advisorn F0-60
USEPA draf Diinking ¥abar Advisony P11
USEPA Nal Smbient Watarinsiand Min & Max
LISEFA Mal amblen WatenTaste & Cdor
USERA Mal Ambienl Walanifiguatic Life
Touicyd- ey average 230
USERA Mal Ambienl Walsrfguatic Lile
Toslchekaxirmum 1 hour BED
CYRWIOCE Basin Plan

Tane | Water |Total Ca| Diss Ca |Diss K | Total Mg | [ess Bg | Diss Na |Diss B | Diss O | [ess S04 | Totad Hardness | Diss Hardnass
Station Naine pate | (PST) | Level | omgly | (mgd) |y | imgd) | dmed) | amgiy [megls | gLy | dmgly | imgl CaCo3 ) | (mgd Caco3 )
Thisrmialiba Foneban, north | 0482903 | 084S [=ilin] g9 & 1N} ] 4 3 =001 =1 2 39 28
Tharmalito Forabay, north [ 0522802 ) 1030 =im a [l o 4 4 3 =001 il 2 36 a6
Tharmalito Forebay, north |QENTMZ| 1145 Elm a8 B 1) [ 4 3 =01 o] 2 28 L]
Tharmalito Forabay, nodh [OTHENZ [ 1300 | Bim fl ] 04 4 1 4 =(1 . d 1] £kl
Tharmalibo Fl:ureh_a'a norh [0EMSZ] 1900 Eim g B 0 g 4 4 d <M1 1 2 =0 g
Thermalibo Forebay, porh [0S T2 0200 Bl | B o7 4 4 3 =[1 i 2 | £
Tharmialito Forabay, norh (102202 [ 0930 | Sim [ ] 04 ] 1 4 =01 1 | E] T
Tharmalito Forabay, noh [11H 802 ] 1300 Eim q B 09 [ 4 q =1 1 2 x4 €]
Thirmaliba Foneban, north [01H 4003 ] 09145 =i g 3 04 [ 4 4 =01 2 2 9 £
Tharmalito Forabay, north [0DA26M0E ) 1.330 =im ) & 0.3 4 4 3 =0.1 1 2 38 a6
Tharmalito Forebeay, north 0319032 1000 Elm a B 0T 4 4 | =01 1 2 I8 £]]
Tharmalito Forabay, nordh (044803 1030 | Bim i ] oy 4 3 3 =01 i d 6 3
Tharmalito Forabay, norh | 0S20003 ) 1115 Eim L] B o7 4 4 3 =0.1 1 2 26 £
Thiermalita Forebary, nordh | OE23032) 1115 Bl T T 0E 2 3 3 =01 L3 2 0 an
Tharmalito Forabay, north (07021003 1400 | Sim I B o7 3 1 3 =0.1 1 | 0 36
Tharmalito Forebay, north | 0BI25M3 1315 Eim L] B 0a [ 4 3 «[_1 ol 2 26 )]
Tharmalita Foneba, nodh [0S2303[ 1345 | Bim 7 T [l 3 3 3 =0.1 . | 30 30
Tharmalito Forabay, north [ 1021803 1200 Eim T T 0G 3 3 3 .1 il 2 30 an
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Appendix C. Continued.

USEPA Primarny ML &00
USEFA Secondary MCL 250 250
USEPAMCL Goaal 00
Caliornia DHS Secondary ML 250 250030
California DHE Action Lewal Tor drinking waler 1
Water Guality For Agricutiure Goal k] 0T | 106
Tagbe and odar (LISEPA Diinking Water Advisorn F0-60
USEPA draf Diinking ¥abar Advisony P11
USEPA Nal Smbient Watarinsiand Min & Max
LISEFA Mal amblen WatenTaste & Cdor
USERA Mal Ambienl Walanifiguatic Life
Touicyd- ey average 230
USERA Mal Ambienl Walsrfguatic Lile
Towelchehaxirmum 1 hour i i | i BED |

Tane | Water |Total Ca| Diss Ca |Dizs K | Total Mg | DMss By | Diss Na |Diss B |Diss Ol | Diss S04 | Toll Haidivess | Dizs Hal diess
Station Nama [kate | (FST0 | Lewsl | mglp | dmgd) [immgly | dmadd | dmedd | dmgdd [imspl) sl | dmagdd | dmgd CaCod ) | el Calos §
CWREWOCE Bazin Flan
Thiermaliba Fonebdar, South [ 0482902 0730 [=ilin] g & ns [ 4 3 20,1 3 2 24 £
Tharmalito Forabeay, south [052802 ] DE00 =im ) 1] 0.3 4 4 a 0.1 il 2 38 a8
Tharmalito Forebay, south [QENMTMZ| 1035 Elm k| B 1) [ 4 3 =01 o] 2 x| L]
Tharmalito Forabay, south [OTHENZ [ 1130 | Bim fl ] 0a 4 1 4 =01 . d 1] £kl
Tharmalibo Fl:lreh_a'a south [DEMSZ| 1300 Eim 10 B 0 E 4 4 d =0.1 1 2 41 g
Thermalibd Fonebary, South 099782 ] 1000 Bl a B o7 4 4 3 =0.1 i 2 8 £
Tharmalito Forabay, south (1002202 [ 0540 | Sim [ ] 04 ] 1 4 =f.1 1 | E] T
Tharmalito Forabay, south [11H 802 ] 1400 Eim q B 09 [ 4 q <1 1 2 x4 €]
Thirmalita Foneban, $outh (014803 ] 1045 =i 8 3 04 [ 4 4 =[,1 2 2 e £
Tharmalito Forabay, south [DA2E6M0E] 1430 =im a & 0.3 4 4 3 =0.1 1 2 36 a6
Tharmalito Forebay, south 0319032 10585 Elm a B 0a 4 3 | =01 1 2 I8 Az
Tharmalito Forabay, south (044803 1145 | Bim i ] oy 4 4 3 =01 i d 6 36
mrmﬂ'ltl:l Forabay, south [DS20003 ] 13115 Eim B B o7 d 4 3 <001 1 2 £ ] ]
Thitrmalita Fonebary, Soulh | OE2203) 1245 Bl 2 T 0E ' | 3 3 =01 =1 2 16 1]
Tharmalito Forabay, south (0702103 1230 | Bim g B 0s 4 1 3 =0.1 <] | [ 36
Tharmalito Forebay, south |QEB25M03 1300 Eim 2] B 0a d 4 3 LN ] 2 ] 36
Tharmalita Fonebay, south [0S2303( 13200 | Eim T T [l ] 3 3 =01 =1 | E1] 30
Tharmalito Forabay, south | 10021803 1300 Eim T T 0G 3 3 3 =001 1 2 an 30
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Appendix C. Continued.

USEPA Primarny ML &00
USEFA Secondary MCL 250 250
USEPAMCL Goaal 00
Caliornia DHS Secondary ML 250 250030
California DHE Action Lewal Tor drinking waler 1
Water Guality For Agricutiure Goal k] 0T | 106
Tagbe and odar (LISEPA Diinking Water Advisorn F0-60
USEPA draf Diinking ¥abar Advisony P11
USEPA Nal Smbient Watarinsiand Min & Max
LISEFA Mal amblen WatenTaste & Cdor
USERA Mal Ambienl Walanifiguatic Life
Touicyd- ey average 230
USERA Mal Ambienl Walsrfguatic Lile
Toslchekaxirmum 1 hour BED
CYRWIOCE Basin Plan

Tane | Water |Total Ca| Diss Ca |Diss K | Total Mg | [ess Bg | Diss Na |Diss B | Diss O | [ess S04 | Totad Hardness | Diss Hardnass
Station Naine Date | (PST) | Level | omgly | (mgd) |y | imgd) | dmed) | amgiy [imegls | imgly | dmgly | imgl CaCo3 ) | (mgd Caco3 )
Thirmalito Aerbay, nok | 04824802 | 0800 [=ilin] g9 & ns ] 4 3 =001 =1 2 39 28
Tharmalito Aterfay, north | DS2302 ] 0930 =im a [l 0.3 4 4 3 =001 & | 2 36 a6
Tharmalito Aerbay, nork |OENMTMZ| 0900 Elm a8 B 1) [ 4 3 =01 L 2 28 L]
Tharmalito Aterbay, north [OTHENZ [ 0930 | Bim fl ] 04 4 1 E| =(1 < q d 1] £k
Tharmalibo P.I'I:Brhﬂlm:urﬂ"n OB 902 [ 0330 Eim 10 10 IJE 4 4 d <M1 1 2 41 41
Tharmalito Alerbay, nok [0S T2 1200 Bl a B o7 4 4 g =[1 i 2 8 £
Tharmialito Afterbay, north (102202 1130 | Bim [ ] 04 ] 1 4 =01 1 | E] T
Tharmalito Atertay, noh [11TH30Z2] 11235 Eim q B 09 [ 4 q =1 1 2 x4 €]
Tharmalito Aberbay, noh [01TH 4802 1415 =i g g 04 [ 4 4 =01 2 2 9 |
Tharmalito Aterey north | DA2ENE] 1140 =im a & 0.3 4 4 3 =0.1 1 2 36 a6
Tharmalito Alerbay, nork 0319032 1330 Elm a B 0a 4 4 q =01 1 2 I8 £]]
Tharmalito Afterbay, north (044803 0800 | Eim i ] 0a 4 4 3 =01 i d 6 36
mrmﬂﬁm Afterbay, north | 0S20803 | 0800 Eim L] B o7 4 3 3 =0.1 1 2 26 az
Thermalito Alerbay, nok | DER22032 ] 0940 Bl a T 0E 2 3 3 =01 L3 2 12 an
Tharmalito Aterbay, north (072103 1115 | Bim I I o7 3 3 3 =0.1 1 | 0 30
Tharmalito Atertay, north | DE25M03 | 1045 Eim L] B 0a [ 4 3 «[_1 ol 2 26 )]
Tharmalita Aberbay, nodh [0S2303( 1030 | Eim i T 0y 3 3 3 =0.1 . | E¥] 30
Tharmalito Aterey north | TH21803 ] 1000 Eim T T 0G 3 3 3 .1 1 2 30 an
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Appendix C. Continued.

USEPA Primarny ML &00
USEFA Secondary MCL 250 250
USEPAMCL Goaal 00
Caliornia DHS Secondary ML 250 250030
California DHE Action Lewal Tor drinking waler 1
Water Guality For Agricutiure Goal k] 0T | 106
Tagbe and odar (LISEPA Diinking Water Advisorn F0-60
USEPA draf Diinking ¥abar Advisony P11
USEPA Nal Smbient Watarinsiand Min & Max
LISEFA Mal amblen WatenTaste & Cdor
USERA Mal Ambienl Walanifiguatic Life
Touicyd- ey average 230
USERA Nal Ambier Walsribiguatic Life
Toslchekaxirmum 1 hour BED
CYRWIOCE Basin Plan

Tane | Water |Total Ca| Diss Ca |Diss K | Total Mg | [ess Bg | Diss Na |Diss B | Diss O | [ess S04 | Totad Hardness | Diss Hardnass
Station Naine Date | (PST) | Level | omgly | (mgd) |y | imgd) | dmed) | amgiy [megls | gLy | dmgly | imgl CaCo3 ) | (mgd Caco3 )
Thrmalito Aerbay, soulks | 0424002 | 0930 [=ilin] g & 1N} [ 4 3 20,1 3 2 29 £
Tharmalito Aterfhay, south |DS2302 ] 0530 =im a [l o 4 4 3 =001 & | 2 36 a6
Tharmalito Aerbay, south |OENTMZ| 0815 Elm k| B 1) [ 3 3 =01 L 2 x| iz
Tharmalito Aterbay, south [OTHENZ [ 0500 | Eim fl ] 0a 4 1 4 =(1 < q d h £k
Tharmalibo P.I'I:Brha_flﬁl:lum OEMS0Z [ Dai1s Eim i) 10 IJE 3 4 d <M1 1 2 32 41
Thermalito Alerbay, soull [0S TH2] 1215 Bl a B o7 4 4 3 =[1 i 2 8 £
Tharmialito Afterbay, south [1M2202 [ 1200 | Etm [ ] 04 ] 1 4 =01 1 | E] L]
Tharmalito Atertay, south [11TH30Z2 ] 1025 Eim q 5] 1.0 [ 4 q =1 1 2 x4 )]
Thrmalito Aberbay, soulk 01N 4802 1330 =i 8 g 04 [ 4 4 =01 2 2 e |
Tharmalito Aterfhay south | DA2ENE] 1000 =im a & 0.3 4 4 3 =0.1 1 2 36 a6
Tharmalito Alerbay, soulth 031903 1230 Elm a B 0a 4 4 q =01 1 2 I8 £]]
Tharmalito Afterbay, south (044803 0800 | Eim i ] 0a 4 4 3 =01 i d 6 36
mrmﬂ'ltl:l Afterbay, south | 0S20803 ] 0900 Eim L] B o7 4 4 3 =0.1 1 2 26 k]
Thermalito Alerbay, soulls |DE24M032 ] 0225 Bl a g o7 [ 3 3 =01 L3 2 e ar
Tharmalito Aterbay, south (072103 0935 | Bim ] B [ 3 3 3 =0.1 1 | 32 EF
Tharmalito Atertay, south |DE25M3 | 0930 Eim L] B 1N} [ 4 3 «[_1 ol 2 26 )]
Tharmalita Aberbay, south [0S2303[ 0930 | Eim i B 0y 4 4 3 =0.1 . | 36 1]
Tharmalito Aterfey south | TN21M3 ] 0900 Eim T T 0G 3 3 3 .1 il 2 30 an
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Appendix D. SPW5 Groundwater quality monitoring well mineral data and criteria.

LIBEPA Prifngry MCL S00
UHEPA Betnadar WLL 1] A58 3
@ [l afp WL,
UEEFA WL ﬂunlﬂﬁlnxﬁﬁq 10 E
[ [TIFI Lol frkars ML 5 5
Cahamia R Arlon Lival 1or dreking swtar i
‘Watar Suakly Far cubum o (] [1 %) 105 450
Tarsle and caor {LESEFA, O niing Valer Avisars) i
LIBEFA, drafl Cinickng veasar Adwranry ]
UGEFA Hal Amiziert Faleminsiant Wn & Mas
UBEFA Hal Amiziert ValenTasie & Cidar
LIGEFA Hal Amizipal WalenAguais Lile FE]
LIGEFA Hal Amizi enl ¥valenAmualc Lie BED
CWFGLE Basin Flan
Wap T |1 F] & Ca |[Ams W | Tolal |Cess My | DEs. B (e B L Toaal KEahney| T0S | Totol P diess | Diss Haldiess
Wil Lacalsr]  Dale 5 L L L CatOs | mall L Cacid
TOHIOENZ N[ ANE | Janon Tﬂ:‘j-:' E1|1 %i -% 'l? .1!ﬂl 0 %l ? E! mlﬁ 118 (]
" IOHENZ W | Al |10 | 0 | i1 n T2 E] ] n LK i ] L] EEA]
THRIIET J N Kig | JnJiong | 1ise | a0 FL] [ m ] L e [ L] ] L]
“TARMIET 2 M K17 TS| 1300 | 33 T3 [(K;] TH 3T iE] A1 1 | b | T TH
“TANGIETI M Ba3 | JGF00E | 1240 | &3 L4 13 AT F13 7] A1 1 = 3ER 1A
“THHOIETI M EdY |TOA4S00| 1908 | &% 4] 11 L] ar T | <111 i k1% | ar
TANOIEIHD M| B4z | smann: | 110 | 3 EF] Fx i3 ¥ 3 g FE1 i |
TAHOGEIAN0 M| Bd: |10aWa0ed| 1130 | 4 A 4 [F] [ T FEi E1]
TANOGEQAEOS W | FOB | GNja00s | 1250 F] [ | 3 i [ i
1AHOGEQAED: W | FOB | 11MiG00z | 1070 F] 1 ] i EE] 7
18HIGEIEN E1E | Ai200: | oaze | 2 ] FF. 2 [T 15 X T 138
HIJETE W E1B_|1Vi%2Ded| 1235 | 2 21 3 22 [0 [ IT] FH1] ]
HIJE1GW | A9 | fizz0n: | 1200 | 2 1z L i3 =[] [3 [T ] 50
HIGEIGN | A9 |1 42003 1210 | 2 F 3 i3 [0 [3 [ i il 7]
HOJEIGN | H R EN T [ Ih 7 EF] ] 1 T = 739 FIE]
TOHNMEIGN | H 1N di2000 | 1230 ] [ 5 ] z ] [H [ £l = F]
VANDOEZ G0 M| W1 | i ia0ns | 1das ] an ] ] ] [] =[10 T 0 Tkl 210 106
TOHIETT (0 W | Mg [T | toae | 3 an I FL] L T =01 [ ] (5] FFE] [RE]
TARDIE T @0 M| Lid | wianng [ oais ] T T [ ] ] (] i} wl (1] 1] ]
TARIET G0 M| L1 |10 Sl | onae ] 1 TH [] ] (] K] 1 T EFE] 5]
TAHIETSHI M| F15 | Anne | 104 | 7 T 1T 4] 5 Al VK] g FE i) ELT] ann
TANOIETSHOI M| F15 |10 Wa00d| 0915 | 6B A 1T AT [ E"‘“ﬂ <11 ir FF| o AT E1]
“TUNIIETZ N | WAz | o0 | oabe | 4o ] T4 5 a6 11 g B k1% 50 15
FILEd: W | Wa: |TOdwWa0ed| 1045 | 148 ¥ 13 ] T Jf “HE 3 1] 155 ki #iE 1]
FIDIEDT W JiT | smiann: | 1430 | 3 [ K] 13 | E 1 25 i ki | i1} B
HDZEDT N JF7 | d2med] 113s | 3 an 1 13 1 T [ 1z 5 ] 152 =
19HIZE3E N J3E | Jizizo0: | 090 | 3s 17 13 H 1 # <01 E 17 FET] =04 FIES
19HIZE3E N J35 | Iv2m2Ded| o9=e | a3l 1] 12 T FI 18 =01 B 13 207 o] 1Bz
TGHOGEQAHOG M| M0G | Gniigons | 12o0 | 11 11 E 1 =0 7 £3 1 il
VGHIGEDSHIG M| M6 |Tmidzoea| 1toie | 11 0 m =0 E [ 0T =
1OHIGETT N[ A0 | Jriaon: | oooe ] 7 3 =0 z 3 T 3
THHIOETTN | ATl |10 t20od| 1318 [ 7 5 B o [ a0 1] 109 5
TOHIOEIT N | HIT | Jraong | odze 13 e 1T 13 1 3 =111 E 2] T 53
TOHEIT N | HIT [TV wened | 12 I ] ] ] ] -] =000 E] L] Fuill] [
TOHIIEIAN | M | Jaaong | odae ] i K] [] ] iFi IV ] ] L
TOHIOETON | CA0 [ Tidraied| 1agm | 10 i i | E] ] iFi VK] ] i ]
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Appendix E. SPW1 Surface water quality metal data and criteria.

LISEPA Primary MCL and MCL Goal 1000 i
LISEFA Secondany MCL i 20
Califormia DHE Primany BiCL LA [1]8] |
Califomia DHS Secandary WCL 0
Califomia Secondan MCL (Taste & Odary i
Wealar Quality Tor geiculiure Goal 000
Califormia Public Health Goal for Drinking Waber Gl 1.3
Calil Toxics Rule Cridena (USEPA) For Drinking Waler Sources 0.0s
LISEPA Ml Recomim. ¥ @ Criteria § 4-day av botal) (&) k. -
LISEPA Mol Recomm. W Q Criteria 71 -haur avg {otal) (a) 150
IISEPA National imbient v G Cridena | 4=day g 077
USEPA National Ambient'W & Crifena | 1-hour swerags 1.4
Time Total Al | Diss. &l | Total Hg
Stitioin Mainme Ll (LR [ 1PST |.|gl. |.!I. |.|gl.
Thermalito Forebay, noth | Bim | 420007 1315 41,1 fi. 0.000E
Thermalito Forabay, noth | Bim | 42902003 P MM 6 000118
Thermalite Forebay, north | Bim | S222002 1030 324 218 | DODDGEF
Thermalito Forebay, north | Bim | 61 772002 1145 2T A 1.7 | D.ODOTE
Thermalita Forebay, north | Btm | THS/2002 1300 27 A 1.2 0.0003%
Thermaliby Forebey, noth | Bim | 8192003 1100 318 17 0.00036
Thermalita Forekay, narth | Bien [ 909 7120032 (2] 1]] 0.8 1.6 0.0003%
Thiermalilo Forebay, ok | Bl | 10222002 ra50 533 5.7 000026
Thermalila Forebdry, naik | Bl | 1100 %2002 1300 BRI 00013
Thermalilo Foretays, nath | Bim | 120 202003 1320 a3 ) 0.O00ES
Trermialito Forebas, nath | Bim | 10 402003 15 ;ﬂ‘ 4 19,4 monia
Thermalite Forebay, north | Bim | 2RE2003 1330 .r 0.3 | Do0oas
Thermalito Forebay, north | Bim | 31 %2003 looo T4 .1 0.00136
Thermalita Forebay, north | Btm | 4152003 1030 55,6 10.5 0.00o07
Thermalibe Forebéy, noth | Bim | SR02003 1115 3.8 12.8 | 0.OD106
Thermalita Forekay, narth | Bie | @232003 1115 214 18.3 | 0L0DOTS
Thiermalilo Forebey, noith | Bie | 72102003 1400 7.1 97X |0.0005497
Thiermalilo Forebery, nol | Bim | Q252007 1315 11 946 | 000044
Thermalilo Forebas, nadh | Blm | Q222003 1245 18.3 15.9 LO0mES
Trermalito Forebas, nath | Bim | 102102003 1200 18 10,2 | 000075
Thermalio Forabsy, south | Biny | 4203002 1415 46.6 5.5 n.o0oas
Thenmalilo Forabsy, seuth | Bim | 4728020032 0rin 50 b.5 0.00077
Thermalio Forebay, south | Bim | SR220032 ana 0.5 i@ 0.00087
Thienmalilo Forebsy, soulh | Bim | &1 712002 1035 g 17 0.00073
Thienmalilo Forebary, soulh | Blm | THE2002 1130 30.7 T 00003
Thenmalilo Farebary, soulth | Bim | SiQi2002 1300 316 1r 000031
Thermalilo Farebay, south | Bim [ G0 2002 1000 ELR 1% | Do0n3g
Tharmalio Forebay, south | Him | 10232002 340 46 4.7 nonoz4
Thermalio Farsbsy, south | Bim | 197 902002 1400 b b s IO | 0.om
Thermalio Forebay, south | Binn | 120 32002 1215 6.2 0.9 0.00053
Thermalio Forebsy, south | Bim | 17 4/2003 1045 pi i I 0.00168
Thermalio Forabay, south | Bim | 2162003 1430 6.6 20 0.00085
Thienmalilo Forebsy, south | Bim | 1902003 1080 BRI B8 0.00087
Thenmalilo Forebary, soulh | Blm | 4052003 1145 540.4 [ 00005
Thienmalilo Fanebary, soulh | Bim | S2002003 1215 ETE] 131 0.0008E
Thermalilo Farebay, scuth | Bim | &2203003 1200 19,8 11,5 Donaar
Thermalilo Farebay, south | Him | FRG2003 1330 E]l 902 |0.000%58
Tharmalio Farebsy, south | Bim | 8252003 1200 450 19 ) 0004
Thermalio Forabay, south | Bim | 9232003 1200 14.5 13.9 | 0.000971
Thermalio Forebsy, south | Bim | 1002172003 1300 214 18 0.00055

Bald or highlighed results indicate criana or goal exceadad
a. USEFA, Region 4, has aliosad ackd solble o account for suspandad clay parickas in
FRGEN [ walars,
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Appendix E. Continued.

LISEPA Primary MCL and MCL Goal 1000 i
LISEFA Secondany MCL i 20
Califpmia DHE Primany WEL 1000 1
Califomia DHS Secandary WCL 0
Califomia Secondan MCL (Taste & Odary i
Wealar Quality Tor geiculiure Goal 000
Califormia Public Health Goal for Drinking Waber Gl 1.3
Calil Toxics Rule Cridena (USEPA) For Drinking Waler Sources 0.0s
LISEPA Ml Recomim. ¥ @ Criteria § 4-day av botal) (&) . -
LISEPA Mol Recomm. W Q Criteria 71 -haur avg {otal) (a) 150
IISEPA National imbient v G Cridena | 4=day g 077
USEPA National Ambient'W & Crifena | 1-hour swerags 1.4
Time Total Al | Diss. &l | Total Hg
Stitioin Mainme Ll (LR [ 1PST Pil‘_i; |.!I. |.|gl.
Thermalito Aflerbay. mordh | Bim | &20530032 1635 ] 1.5 L oooag
Thermalito Aflaroay. norh | Btm | 45402003 (=00 46.3 9.3 | oongar
Thermalito Afleroay, norh | Bim | 5242002 ain 4.3 3 0.00053
Thermalito Aflarosy, norh | Bim | 61772002 nann 18.4 1.5 | D.ODDES
Thermalito Aflerosy, norfh | Bim | THS/2002 (=] b | I 0.00068
Thermalie Aflaray, norn | Bim | 812003 (3R] 43.3 24 0.00036
Thermalite Aflerbay, norh | Bie [ S 7120032 1200 1.5 13 0.00037
Thiermalilo Aferoay, nortn | Bl | 10232002 1130 249 1.6 0.00033
Thermalile Aferoay, north | Bl | 110732002 11215 3] 64 000148
Thermalilo Afteroay. north | Bim | 120 22002 1015 5.3 1.5 000268
Thermalito Aflaroay. norh | Btm | 10 42003 1415 S I T
Thermalito Afleroay, norh | Bim | 22003 1140 80,1 i1.8 0.000=
Thermalito Aflaroay, norh | Bim | 30192003 1330 i3 T 0.00078
Thermalito Aflerosy, norfh | Bim | 4152003 Ao T30 21 0.00o7
Thiermalito Aflerosy, norn | Bim | S202003 [ 1] 36.3 0.r 0.00075
Thermalita Aflerbay, noh | Bie [ &24/2003 40 15.8 10.6 | 0u0DDE1
Thiermalilo Afleroay, ot | Bim | 72102003 1115 308 921 | 0.000558
Thiermalilo Aferoay, north | Bim | Q252007 1045 17k 10.8 | 0uo00ed
Thermalilo Aferoay, north | Bim | 9222003 1030 44l 8.2 | 0L0D104
Thermalito Aflerbay. nordh | Bim | 102152003 1000 303 195 01, G 65
Thermabio Sferbay, south | Bim | 420002 1745 R 2R3 | D.oDoad
Therrnalo Aferbsy, south | Bim | 4724/2003 3o [ k] 16.1 0.0365
Themakio Serbay, south | Bl | 52402003 830 01 L] 0.00082
Thernablo Alerbsy, soulh | Bim | 60 712002 815 30.9 1 0.00051
Thernablo flerbay, soulh | Bim | TH22002 (200 305 19 000047
Therrnabio Sflerbay, soulh | Bim | 8i@2002 [ETE] [ 211 0 000&E
Themaléo Sfterbay, scuth | Bim | 80 720032 1315 e FA nonnag
Themakio Sferbay, south | Bim | 10232002 1215 £ i nonoz4
Themiabio Sfterbsy, south | Bim | 1901902002 1025 Rl 123 | DODDSE
Thermabio Sferbay, south | Bim | 120 32002 rann 47e 15.6 | D.ODDGET
Themnabio Sferbay, south | Bim | 14412003 1330 CISEE 194 | 000144
Thermmakio SMerbay, south | Bim | 2062003 1000 T 10.5 | 0u0DDE1
Thermrnablo Alerbsy, soulh | Bie | A1 S2003 1230 B5.T B4 0.00078
Thernablo Alerhay, soulh | Bim | 4052003 [=TT] 73 13.2 | 0oD0&EE
Therrnabio Slerbay, soulh | Bim | S202003 (LTI 418 R4 | DODOTE
Thermabio Sfterbay, scuth | Bim | &2403003 =I5 174 1.3 D onoas
Themmakio Sterbay, scuth | Bim | FR42003 kR .7 a3 10.000%:5
Themabio Sfterbay, south | Bim | 8252003 /a3n 1318 11.9 | Donoss
Thermabio Sferbay, south | Bim | Q232003 a3n 264 225 | Dooior
Themnabio Sfterbsy, south | Bim | 1002172003 rann 31.5 10.3 | 000054

Bald or highlighed results indicate criana or goal exceadad

a. USEFA, Region 4, has aliosad ackd solble o account for suspandad clay parickas in

FRGEN [ walars,
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Appendix F. SPW5 Groundwater quality monitoring well metal data and criteria.

UISEPA Primary MCL and MCL G4l 1000 2
A Secondary MGL B0-200 | S0-300
Californea DHE Prenary MCL 000 7
Califarnea OHE Becondany Mol 00
Callformia Secondary WL (14518 & Odon ]
Wiater wuality for Agriculiuna Goal VT
Californes Public Heallh Goal Tor Drnking veser B0 1.2
CalllTowics Ul Critenia (USEPA) F 0 Diinking YWaler S0UMes 005
SEFA Nal. Recomm, v @ Criten s § &-0ay awg G0l (3) T A
LFSEPA Hal. Fecomm, W & Crilesia § 1-hour avg fokal (a) 140
LFSEPA Malional Ambsend W 0 Crileriaf 4-day ava 077
FSEPA Mallonal Ambeend W @ Crileria § 1-hour averagpe 14
Map | Time Tatal Al |Diss. Al| Total Hy
Wizl Locater | Date | PST) | pot | pgL | pgi
TANDZEDS M Rl [O7AA0E] 1045 143 1.02 | =0.00015%
TANOZEDD M ROZ |53 1010 | 2.2 19 | =0.00015
BHOZE1I M K12__|07/01/3| 1150 1% Fili | 0.00029
BHOZE1d M g | 10r %S| 100 | Fid A8 | 0.
BHDZEZI M §73 |O7M7M02| 1240 | 108 | 0.64 | O.0008
TAND2EZT M B21 10743 1305 | 141 | 0.74 | 0.00084
TEMOIEIZH0T M B3 |07M73| 1120 | 147 1.4 | 0.00069
TEMOE 32101 M Sdd [ 10E0 1140 1.9E 1.7 0000
1BHO3ECAE0T M FOB  |OE1MZ| 1250 | 323 | Zd4 | =0.00018
TBHO3IE0AE0T M FOE |11/4/03] 1020 | 443 | 463 |<0.00015
TBHOSETA M B18 |O7miidz| 0920 | 167 | 1.01 | 0.00024
TEMOZETA M 18 [0 E03] 1335 1.51 ey | 000meg
TANDIETD M A10 |07M0303| 1200 | 136 | 0.86 | 0.00022
R REL] A9 |10Mam3| 1710 | 168 | 1.04 | 0.00022
TBHOSE d M Hig _|ormrids| 1000 | 1.6 | 028 | .
TEHO3E1d M HiG [10¢1402] 1230 | 305 | 0.73 | O.0005E
TEMOIEZ1 G601 M MZ1 |O611/M3] 1330 32 | 069 |<0.00015
TAMOIEZ1 G071 M MI1 | 10Zw03] 1030 i gﬁg_ <0.00015
TUMGAE] 70l M L13 |oBimis| 0@ : LB | 000047 |
1OFO2ET 2001 M [17 |10f502| 0830 | 695 | 2.26 | O.0004E
TOMOIET5H03 M Ri5 |OBM1M3] 1040 | 212 | 0.52 | oom
TOMOIE15M02 M Fis |10r503| 0345 | 295 | O | 0.00156
1HMIZEZ S M ME:  |0T0a0z] 0800 H2 JEE | O0004E
TAHDZEZ2 M MIZ |13 1045 | 14.2 | 897 | 0.00088
TAM0ZEZ7 M JI7T_|07M7M3| 1430 | 164 | 1.13 | 0.00046
1 AMOZEZT W JAT O [AnnanaE] 130 | 185 | 085 [=0.00005]
TAHDZE=0 M JI6  |07MH03| 0830 | 278 | 0.76 | 000084
TAND2E 36 M JI6  |12003| 0930 | 374 54 | 0.00047
TONOIEDSHOZ M M5 [O6M1/03] 1200 | 1.35 | 0.79 |=0.00015]
10 M FIs | 0014 mig | a0 | 104 |=o000
TANO3ET1 M A1l |oTmimz| %00 | 648 | 548 | nO00a:
TAH0IETT M A1l |1A5M3| 1315 | 1493 | 1.91 | 0.00083
TANO3ET 7 M Hi7_|o7miis| 0820 | 191 | 1.36 | 0.0003%
THNOZET T M HiT  [1ihgaaz] 100 414 164 | 00003E
EESEL] D19 o713 0750 | 181 | 1.31 | 00008
EREREL] 019 |1r4M3]| 1420 | 214 | 1.57 | 0.0006

Bold or highlighied resulls indicsie cribeia or poal exceeded
8. LISEFA, Reqgion 8, has allowed acld solulile o account for suspended clay paricles in neceiing walens
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